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PEFACE

This document is one of four volumes constituting the Army Economic

Analysis Handbook. The other volumes are Vol I, "Army Investment Analy-

sis," Vol II, "Guide for Reviewers of Economic Analysis," Vol IV, "Case

Studies."

The project within Gereral Research Corporation was performed under

the direction of Mr. Albert D. Tholen, Director, Resource Analysis Depart-

ment, and under the management of Mr. Walter H. Bennett. A significant

contribution was made by Mr. Richard Zabell in App A, Mr. Paul Palatt in

App B, and Mr. Brent Bowen in App D.

This work, the exposition of economic concepts and their relationship

to analysis applications, was strengthened immeasurably by the technical

contributions of Dr. T. Arthur Smith, Assistant Comptroller of the Army

for Economic Policy and International Programs. Dr. Smith has directed

graduate seminars in cost-benefit analysis for several years at The

American University. This background, supported in turn by his experi-

ence as Chairman, Defense Economic Analysis Council, and as Chairman of

a Defense Department Automated Data Systems Evaluation Committee were

heavily utilized in establishing structural guidance for the content of

these four volumes.

The Study Advisory Group members also provided valuable support and

technical guidance. They are Mr. Robert Verbeke, Office of the Comp-

troller of the Army; Mr. George Antle, Of'fice oZ the Chief of Engineers,

Institute for Water Resources; MAJ Craig Hagen and LTC Joseph H. Schwar,

Jr., Office of the Assistant Vice Chief of Staff, Management Information

Systems.
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SUMMARY

PJRPOSE

The Economic Analysis Handbook is designed a3 a practical guide for

preparers and reviewers of Army economic analysis studies. The immediate

goal is to facilitate improved analyses, but the ultimate justification

is the premise that improved analyses will lead to better decisions on

and use of Army resources.

OBJECTIVES

The primary objectives of the Handbook are to:

e State the purposes, uses, and limitations of economic analysis.

* Provide guidelines for planning an economic analysis.

* Provide comprehensive coverage of essential economic analysis

concepts and procedures.

* Supplement the limited coverage !.n other areas with references

to additional sources.

* Establish stindards for economic ant~lysis presentation end

documentation.

- * Provide guidelines for reviewers of eccnomic analyses.

* Present lessons learned from case stuaiei of real-life Army

economic analyses.

SCOPE

Economic analysis in the context of this handbook is concerned with

the costs and benefits of alternative ways of accomplishing a particular

task. Thus, for example, the analysis focuses on the "rnt economic"

way to build a heliport. It does not investigate resource requirements

v *In



and capabilities ror a single approach to heliport construction. Nor

does it address the merits of building the heliport as opposed to carry-

ing out a different task, for example, improving messing facilities.

The single approach prcblem falls within the province of the budget ana-

lyst, while the problem of assessing new heliports vs improved messing

facilities is the responsibility of high-level decision makers.

Economic analysis is applicable to a wide range of activities in-

volving proposed acquisition of goods and services for Army use. The

handbook is intended for analyses of investment projects yet to be

fi:.ally approved or disapproved. It is not intended to provide insights

c.i the best way to justify prior decisions on investment projects.

O '" '7TI')N

h, handbook is organzied into four volumes. Volume I serves as

the gentir. 1-itroduction to the subject of economic analysis. It covers

the major steps involved in an economic analysis study and provides brief

descriptions of t-e origins and current status of economic analysis within

the Army.

This .lime is designed for the preparers of economic analysis

studies. T!.z jps, concepts, and procedures of economic analysis are

described in detnil and illustrated by examples.

Volume III is written for reviewers of economic analyses. It is

presented in terms of a eries of key questions addressing such matters

as assumptions, methodol ,.y, formulation of alternatives, and presenta-

tion of results.

Volume IV provides two case studies of actual Army economic analyses.

Each case study describes &,.d evsI-ates the pertinent analyses and pre-

sents a catalog of lessons lesrned. The case studies helped shape the

content and extent of attention givn to various subjects in Vols I to

III and provided Illustrative examples.
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1 INTRODUCTION

PURPOSE

This volume addresses concepts, theory, and techniques applicable

to economic analysis. The main body represents a selective reordering

of Volume I, with additional details supplied as necessary. More specif-

ically, the procedural orientation of Volume I has been replaced by a

presentation organized around major concepts--for example, costs, benefits,

uncertainty. The appendixes provide more specific details which are

illustrated by some of the important techniques associatcd with the

disciplines of economics, financial management, mathematics, and

statistics. In this volume concepts and techniques are illustrated,

where possible, by use of examples taken from actual analyses.

WHY ECONOMIC ANA LYSIS?

At all decision-making levels of society-the individual, the family,

the private firm, the various Governmental organizations--decisions are

made to allocate resourcer to either present activities or Piture activi-

ties. These decisions are influenced to varying degrees by economic

considerations and by noneconomic factors such as habit, standing operat-

ing procedures (SOPs), and politics.

The purpose of economic analysis is to provide the analyst and the

decision maker with P 'ormalized, disciplined, and standardized approach

to identifying and summarizing the economic considerations of a problem

involving choice among alternatives. The procedure for performing an

economis- analysis is to assess the alternatives in terms of costs and

benefits, and to present the findings in an orderly manner for use in

decision making. This facilitates the making and reviewing of decisions by:

, , i I II I I I I I1



a. Focusing informal thinking.

b. Surfacing hidden assumptions, making clear their

logical implications.

c. Provi ng an ef 'ctive vehicle for communicating the

considerations which support a recommendation. 1

Planning, Programmin% and Budgeting System (PPBS)

The Army's economic analysis program is a major component of the

Planning, Programming, nd Budgeting System (PPBS) of the Department of

Defense (DOD).

The Planning, Progrwmming and Budgeting System (PPBS) was instituted

by the Government in 1965 in order that er'!ry Federal agency might

better: 2,3,4

* Articulate our national goals with greater precision and on

a continuing ba0js.

* Choose froa among these goals those that are most urgent.

* Search for alternative means of reaching our goals most

effectively.

• Inform ourselves not merely on next year's costs, but on the

second, third, and subsequent years' cost of our programs.

* Improve the measurement of program performance to insure that

a dollar's worth of service is given for each dollar spent. 2

The PPBS provides both the framework and the means of recording

decisions regarding DOD resource utilization. Ultimately, many decisio.s

are based on economic analysis, and as a result of this important role

in the decision making process economic analysis is referenced in pre-

5. vailing DOD guidance as an I ntegral part of the PPBS.

lDept of Defense, "Economic Analysis Handbook," 2nd Edition. undated.
2 Mark Alfandary-Alexander, editor, Analysis for Planning, Programming,

Budgeting, Washington Operations Research Council, Washington, D.C., 1968.

3Murray L. Weidenbaum, "Planning-Programming-Budgeting Systems:
Selected Case Materials," Washington University, St. Louis, Missouri, 1969.

Fremont J. Lyden and Ernest G. Miller, editors, Plasning, Pro-
gramming, Budgeting: A System Approach to Management. Markham Publishing
Company, Chicago, 1968.

5 Dept of Defense, "Economic Analysis and Program Evaluation for
Resourci Managcment," DODI 7041.3, 18 Oct 72.
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Applications

Economic analysis provides the basis for decision making with respect

to the application of resources in alternative systems or projects. In

performing an economic analysis, the outputs (benefits) of each alterna-

tive must be measured as well as its utilization of resources (costs).

In order to adequately measure and assess all benefits and costs, due

consideration must be given to the qualitative factors as well as the

quantitative factors. In cases where qualitative factors cannot be

reduced to measurable units, they should be described verbally and in-

cluded in the documentation of the quantitative analysis.

Economic analysis may be described as future ri ented because it

addresses the use of resources in the future rather than .in the past.

The purpose is to assess future alternatives for resource applications,

not to justify decisions already made. The future-orientation of economic

analysis does not rule out its application to current programs, although

it does make the justifications and past expenditures for such programs

irrelevant. As such, the current mode of operation will often be in-

cluded as one of the alternatives in an economic analysis. Potential

applications include the following:

* Choice of alternative proposed programs

9 Proposed programs vs current program

* A current program vs other current programs

(possible elimination of duplication) i

* Reevaluation of programs in development to confirm

or deny further development.

The focal point of economic analysis is decision making and selection

of alternative courses of action. Relative cost and benefit along alter-

natives are the criteria for selection, and the precise measurement of

absolute 7ost and benefit are secondary to the analysis. J. P. Large

su narizes this viewpoint that the basic purpose of analysis is "to provide

estimates of the comparative or relative costs (and benefits) of competing

systems, not to forecast precisely accurate costs suitable for budget

administration. In this context consistency of method is just as im-

portant, perhaps more so, as accuracy in some absolute sense." 
6

6J. P. Large, "Introduction" in Concpts and Procedures of Cost

Analysis, RM-3589-PR, The RAND Corporation, Jun 63,

3



The recently issued DOD! 7041.35, while affirming the importance of

economic analysis in planning and programming, strongly emphasizes its

importance to budgeting, indicating that "project officers and managers

should be prepared to demonstrate the cost effectiveness of budget pro-

posals and to submit detailed analyses in support of budget estimates."

Where an economic analysis has been used in helping make a budget decision,

the submitted analysis should provide requisite documentation. As de.

scribed earlier, justification fabricated after a decision has been made

must not be confused with economic analysis.

Limitations

An appreciation of economic analysis involves a recognition of its

limitations as well as an understanding of its potential applications,

concepts, and techniques. It ia easy to exaggerate the role that analysis

can play in decision making. Perhaps the best way to counteract this is

to list some of the things that analysis cannot do.

First, an economic analysis does not make any decision. Its sole

purpose is to help the decision maker choose among alternatives. This

is done by providing an orderly display of the costs and benefits of

each alternative, the assumptions under which the calculations were made,

and the nonquantifiable attributes of each alternative.

Second, an economic analysis seldom provides all the information

necessary to make a decision. The tools of economic analysis are useful

in establishing the economic considerations involved in the choice among

alternatives, but provide for little other than narrative descriptions

of such considerations as health, welfare, and morale. The decislon

maker must interpret the information provided by the analysis in this

light, interject any additional information and considerations, make

value judgments, and finally make a decision.

Third, an economic analysis ordinarily cannot identify an optimal

alternative. Generally an enalyst can only recommend the choice of a

particular alternative over all other alternatives considered in the

analysis. This does not mean that th! analyst should passively accept

the alternatives originally established. Often one of the best ways

that the analyst can contribute to the investment in high-qnality pro-

grams is to suggest viable new alternatives.

'4



LANGUAGE OF ECONOMIC ANALYSIS

The language of economic analysis, to the extent that it differs

from that of every day life, consists mainly of terms from the fields

of accounting, economicr, financial management, mathematics, and statis-

tics. In order to establish a general framework for subsequent discussion,

basic terms are defined here. Other terms, including those related to

mathematical and statistical techniques, are defined in later chapters

and/or appendixes.

Economic Life

The economic life of a project is the period of time over which the

benefits from a project may reasonably be expected to accrue. Benefits

from a project are limited ultimately by its physical life. This is the

number of years a facility or piece of equipment will be available before

it is used up in a physical sense, that is, decayed or deteriorated

beyond economical repair. Physical life may vary significantly depend-

ing upon usage, such as a lathe used 24 hours a day vs 4 hours a day.

The economic life of a project is further limited by its technological

life. This is the period before which improved technology makes a

building, machine or process obsolete. Although equipment may have re-

maining physical life, it is sometimes economical to replace with more

modern equipment.

The economic life of a project may be further limited by military

or political considerations which may suggest benefit accrual fcr a much

shorter period. In this case, mission and threats must be analyzed to

determine the economic lives of proposed projects.

Economic life is a determinant of the mimber of years included in

an economic analysis, often called the "analysis time frame." It is

important to make the best possible determination of economic life in

light of a project's physical and technological lives and associated

military or political consideration.

Analysis Time Frame

Economic life determines the number of years included in an economic

analysis. Determiniig the period of analysis for project, -ith identical

economic lives is straightforward, e.g., equal to the economic .4 'e of

the projects. However, the relation between analysis time frame and

" '- I !I I ... I , ,5



economic life becomes less direct when such complexities as different

economic lives for the alternatives, production/funding leadtimes, and

fielding of alternative components enter into a p0roblem. Existing

guidance documents 5,7 addreqs the first two complexities and suggest

means of allowing for them in determining a proper time period. Section 2

provides details and also examines the implications of different time-

phased fielding patterns of system components for total system economic

life and analysis time frame.

Life Cycle Cost Analysis

Life cycle costing has been applied to military problems involving

total force structures or specific weapon/support systems for at least

the past 20 years-in the earlier years under the name "cradle-to-grave"

costing. The guiding principle of life cycle cost analysis is that

projects or systems potentially pass through three stages-research and

development (R&D), investment, and operations.

The economic analysis format promlgated in AR 37-137 requires a

project cost breakdown by year in terms of R&D, investment, and operations.

In general terms, R&D costs precede the procurement of a system. Invest-

ment costs relect the systems procurement and operating costs represent

the systems recurring operation.

Life cycle costing has gained its widp acceptance because it pro-

vides a useful, comprehensive, and logical framework for developing and

presenting costs. Section 3 illustrates these points and provides fur-

ther discussion.

Benefit Analysis

The purpose of benefit analysis is to identify, measure, and evaluate

the benefits of proposed alternatives with respect to one another. Where

possible, benefits are quantified in terms of dollar value. Those benefits

that cannot be assigned a dollar value often can be described in terms

of effeciveness and expressed in units that indicate new or improved

capability. Other benefits that cannot be meaningfully quantified should

be described in narrative form.

7Dept of Army, "Economic Analysis and Frogrm Evaluation of Resource

Management," AR 37-13, 6 Apr 73.
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Uncertainty

The principles of classical economics are predicated on the assump-

tion of perfect information. This implies that all alternative outcomes

are known with certainty. In actuality, uncertainty is present in

virtually all decision making activities. Economic analysis is no

exception and as a result of its future orientation it is an activity

with a high degree of unce rtainty.

The cnalyst can reduce the level of uncertainty by searching for new

information or geaerating additional information through carefully

designed experiments. Within the practical limits of available resources,

an attempt should be made to compensate -for uncertainty. Even after all

efforts have been made to reduce uncertainty, there will still be the

problem of facing the remaining uncertainty. In brief, the analyst's

task is to determine how to take uncertainty into account in calculating

and presenting costs and benefits for the alternatives under consideration.

Section 5 discusses this problem further by addressing the issues

of empirical analyses of uncertainty, the need for uncertainty analysis,

approaches to uncertainty (a fortiori, contingency, sensitivity, atatis-

tical analysis), and documentation considerations. Appendixes B and D

provide additional explanation, including examples of specific techniques

for handling uncertainty.

7



2 ESTABLISINGT THE ANALYSIS!,
/

The conduct o economic analysis will depend on where in the

Army decision hierarchy the need for the analysis was recognized, on the

magnitude of the resources involved, and on the time available for com-

pletion. A completed study serves as an information document rather

than a decision document. It is useful to the extent that it provides

clear, meaningful, and unbiased estimates of costs and benefits of rele-

vant alternatives.

The decision maker can be perceived as the customer of an economic

analysis study and the analyst as the producer. These a-e convenient

abstractions since they establish & hierarchy of functions, with the

decision maker approving and ui. ng the result& of the analysis and the

analyst conducting and submitting it. The abstractions take on added

meaning when viewed against the background of the decision maker/analyst

relationship portrayed in Fig. 1. An individual, as indicated in the

figure, may function as a decision maker (CM) on one level and analyst

(AN) on another-just as at certain times he may act as customer and

others as producer.

The present chapter discusses the conceptualization activities that

precede major efforts of data gathering and calculation. The activities

collectively are referred to here as "establishing the analysis" and

include problem definition, establishment of objectives, formulation of

aszumptions, and specification of alternatives. Quality performance of

the conceptualization phase ii essential to the success of an analysis.

8
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Fig. 1---The Decision Maker (DM)/Analyst (AN) Relationship

Estimation techniques applied to the right problem can sometimes

provide useful results, even in the case of severe data limitations.

However, no amount of care in data collection or sophistication in cal-

culation can compensate for carelessness in problem formulation.

TAM W; ORDER

A tasking order is a document that establishes the requirement for

an economic analysis study. It is approved by a decision maker, sub-

mitted through the appropriate bureaucratic channels, accompanied by

additional guidtnve prepared at successively lower decision levels, and

ultimately forwarded to an analyst as part of a total instruction package.

At a winimzn, a tasking order should address the major objectives of the

study and the resources, especially time, that can be devoted to conduc-

ting it.

The bureaucratic aspects are minimized where the decision maker and

analyst have a close working relationship. In some cases the analyst may

9 I I 1 1



participate in drafting the tasking order and documentation may be limited

to a memorandum with brief statements of objectives and constraints.

Study objectives and constraints can be clarified subsequently as the

need arises.

Where a close working relationship does not obtain, the decision

maker must rely primarily on the tasking order and scheduled in-process

reviews (IP~s), if any, to help ensure that the economic analysis study

is investigating the proper questions. To do this, the tasking order

must present clearly the major study objectives, special guidance and

constraints, and study time schedule.

Chapter 2 of the Comptroller of the Army (COA) Costing Methodology
8Handbook suggests the types of guidance that should be provided to a

cost analytt by a tasking organization. Although the suggested guidance

is limited to that required for coating and envisions more detail than

practicable for most economic analyses, many of the pae-ticulars cited

would be welcome entries in economic analysis tasking orders. Examples

include:

* Time allowed for preparation of analysis

* Quantities and/or proposed force strictures

* Alternatives to be considered in the analysis

* Special sensitivity analyses to be performed

* Assumtions and general factors to be t"ed in analysis

• Treatment of risk and uncertainty

* Specification of constraints (e.g., budgetary)

PROBLEM DEFINITION

An Army economic analysis simply does not happen. The need for an

analysis is created when an element in the Army decision hierarchy per-

ceives problems in the current ways of meeting a set of objectives and

foresees possible opportunities for improvement. The analyst enters the

picture when someone in authority approves the undertaking of the analysis

and issues a tasking order.

Dept of Army, Comptroller of the Army, "Costing Methodology Hand-
book," Apr 71.

10



Point of Departure

The tasking order provides a point of departure for the analyst.

The first and, in many respects, most important function of the analyst

is to extract the basic information from this source, add his own Judg-

ment and experience, and formulate an initial problem statement. The

statement must be formulated in such a way that it will facilitate results

pertinent to the decision maker and provide a suitable framework for con-

ducting the analysis.

Impact on Analysis

The initial problem statement always should be viewed as working

guidance to be revised and expanded in accordance with awditional infor-

mation. This in no way diminishes the importance of initial problem

definition. An improper or a confusing statement prepared at the outset

of the study may lead either to studying the wrong problem or to preclud-

ing considerations of worthy alternativs.

Limits on Problem Definition

There are practical limits on problem definition. Problem statements

must encompass objectives that are consistent with the policies of the

immediate and higher organizations and must be formulated so as to keep

the study within ms--.- ble proportions. Nevertheless, there is con-

siderable room for innovation on the part of the aralyst in all but the

simplest studies.

Inadequate Tasking Order

An analyst may become convinced that the tasking order does not

address the real problem or addresses only one facet of a larger problem.

In such cases the analyst either can attempt to subsume the implied prob-

lem statement under an expanded one or can attempt to resolve issues in

question through communication with the decision maker. The latter course

is attractive and practicable where the analyst and decision maker have

a close working relationship.

OBJECTIVES

Objectives set minimum standards of performance, isolate critical

processes and functions, and set forth relevant time frame considerations.
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A list of objectives serves two distinct purposes. First, it acts as a

screening device, removing from further consideration any proposed invest-

ments that do not meet the standards. Secondly, it provides a framework

for developing viable alternatives and for measuring and relating their

costs and benefits.

Relation to Problem Statement and Tasking Order

Injestablishing objectives the analyst must ensure that they relate

to the problem addressed in the problem statement and not to a narrower

one more readily analyzed. The analyst also must verify that all explicit

or implied objectives in the tasking order are either incorporated as

study objectives or demonstratively inappropriate. Failure to do so

creates a strong risk of study disapproval and subsequent redo.

Functional Orientation

To the extent possible the objectives should address the "what" of

a proposed investment rather than the "how." That iq, they should be

orient,- to the desired functional outputs rather than to particular

means of cbtaining the outputs. The means are subjects for subsequent

investigation and contribute to the specification of the alternatives

considered in the analysis.

The analyst must keep in mind that the establishment of objectives

and the specification of alternatives are conceptually two separate

functions. The danger of telescoping these functions into a single step

is that feasible alternatives may be overlooked. Typically those elimi-

nated would tend to be the more innovative.

Use in Tracking

Analysts, particularly those working as proponents, must Cuerd against

over-optimism in setting of objectives. Objectives should be established

with the view that they will be employed in measuring the success of a

particular investment and the management of its implementation.9 This

means that the objectives set must be attainable given such factors as

the investment time frame and state of technology.

9 Dept of Army, Office of the Adjutant General, Ltr, subject: "Economic
Analysis of Proposals Supported by Automated Data Systems," 27 Jan 72.
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ASSUMPTIONS

Assumptions are made throughout the course of an economic analysis

study. They are used in defining the study problem, in estab].ibhing the

alternatives, in providing means for treating unknown or difficult to

quantify elements, in performing calculations, and in reporting the stndy

results. The analrst cannot perform a study without assumptions or pro-

vide a complete analysis without listing and justifying all major

assumptions.

Types of Assumption

The guidance letter 9 on Pconomic analysis for ADP systems divides

assumptions into two classes-state-of-nature and matnematical. State-

of-nature assumptions structure the bounds of the analysis, permit the

analyst to construct alternatives, and, when explicitly presented in the

analysis, permit the decision maker "to understand and question the con-

struction of alternatives and the bounds within which they were considered."
9

Mathematical assumptions are used in structuring relationships, extrapo-

lating trends, and establishing factor values.

This section discusses the state-of-nature assumptions. State-of-

nature assumptions are broadly defined and can be subdivided according

to several different criteria. The four types described below represent

different dimensions of the state-of-nature--time, quantity, activity

level, degree of support.

Time. Proper determination of the analysis time frame requires

careful attention to several time-related assumptions. The basic assump-

tions are those of the economic lives of the alternatives and of their

scheduled introduction into the Army inventory. The impact of these and

other time-related assumptions on the analysis time frame are discussed

in the following paragraphs.

Time capsiderations are jimplest when:

* Alf alternatives have a n-r on economic life.

* All alternatives are introduced as entities in "one year."

& Production/funding leadtimes are not of primary concern.

These conditions are satisfied in many, perhaps the great majority of

economic analyses. Where the conditions hold, tie number of years in

the time frame is a direct function of thm assumed econc'.Aic life.

13



An example of a simple relation betwen economic life and analysis

time fraae is povided in a recent economic analysisI0 of a computer-

assisted inspection and diagnostic system. This analysis, which is the

prime focus of the case study appearing in Vol IV, addressed a proposed

expansion of the Depot Multipurpose Automatic Inspection and Diagnostic

System (DepotMAIDS) at the Letterkenny Army Depot (LEAD). The expansion

was designed to permit processing of additional types of combat vehicle

engines; the alternative consisted of continuing manual rebuild and

testing of the subject engines. Since the proposed expansion involved

the procurement of additional computer cApability, the analysis time

frame was set at 8 years--the estimated life for the ADP equipment.

The analysis of alternatives with different economic lives can be

conducted in several ways which depend on the exact nature of the alterna-

tives and the primary purpose of the analysis. Regardless of the approach

taken, an assunption must be made on the terminal value of at least one

of the alternativesm-that is, the remaining value of assets at the end

of the analysis period. This generalization is illustrated below.

The example presumes an analysis in which an alternative with a 10-

year economic life is being compared to one with a 15-year life. Two

approaches could be followed in the analysis. Either a 10-year time frame

could be used or a 15-year time frame with the further assumption of two

buys of the 10-year life alternative. Under the first approach it would

be necessary to assume (or compute) a terminal value for the longer-lived

alternative; under the second it would be necessary to provide a similar

value for the shorter-lived alternative. An assumption of zero terminal

value is not only permissible, but in many cases appropriate.*

10 US Army Munitions Comrrand, "Automatic Checkout System for Combat
Vehicle Engines and Transmissions (DepotMAIDS)," Dec 72.

*The concept of uniform annual cost is particularly useful for
comparing costs of alternatives with different economic lives. App A
discusses the concept in detail.

1
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Produfticn/funding leadtime consilerations contribute their own

types of cbmplexity into the determination of analysis time frame. To

over simplify, the major source of complexity derives from the fact that

payments frr goods and services often precede delivery. Thus, costs are

incurred fIor an investment before the investment begins to yield benefits.

Under such I circumstances the determination of analysis time frame becomes

essentially a two-step process. The period from the date of delivery to

the end of the analysis period is based primarily on economic life; the

period preceding delivery is determined by the assumed leadtime between

delivery ahd initial production date together with any further leadtime

between initial production and initial funding.*

Section V of the Munitions Command (MUCOM) Economic Analysis Manual11

contains an excellent discussion of the impacts of leadtime considera-

tions, particularly those related to the estimation of the disb'rsement

pattern for a given total leadtime. For illustration, the manual introL-

duces a hypothetical construction example involving disbursements over a

3-year period prior to completion of a building proiect. Salient points

are summarized in the following paragraph.

The potential sources for estimating the disbursement pattern vary

in form and in degree of association with the particular construction

project. They include estimates from Army engineers, contractual docu-

ments, and Corps of Engineer guidance. The analyst may be able to

establish a 3-year disbursement pattern based on projected percentage

completion at the end of each of the first 2 years. On the other hand,

the analyst may be limited to allocating the total construction cost

equally to the 3 years. It all depends on the sources available to him

and the detail included.

*Funding, as used here, refers to disbursements rather than cbli-

gations. Disbursements represent actual payments, whereas obligations
represent regal commitments for subsequent payment.

llArmy Munitions Cormmand, Office of the Comptroller, Cost Analysis
Division, Economic Analysis Manual, Mar 72.
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Quantit This section is directed to high-order assumptions that

impact on equipment, rersonnel, and workload quantities. Examples of

high-order assumptions include ones involving force structuie, tables of

organization (TOEs), and logistic policies (e.g., those related to field

reserves and depot stocks.) The cited assumptions are particularly cru-

cial to analysis of a weapon/support system such as the Combat Service

Support System (CS3 ). However, they also affect more limited proposals,

as will be shown through reference to DepotMAIDS.

The division-dedicated CS3 configuration considered in the latest

CS economic analysis 12 provides an example where general force structure
3

assumptions with respect to the number of corps and number of active Army

divisions basically determined the major equipment requirements-the. CS3

sets. Each corps (four) and each division (13) in the assumed force

structure was assigned a CS equipment set consisting of a mobile IBM
3

360/40 computer and eight remote terminals. Personnel requirements were

developed on a more detailed basis, involving construction of a type

corps and line item analysis of personnel authoriza.ions in divisional

and nondivisional TOEs.

The latest Depot.ADS economic analysis10 (see Vol IV) provides an

example where an implicit assumption of no change in the post-Vietnam

Army force structure (overall size and composition of combat elements)

underlies the estimated workloads of combat vehicle engines. After a

scheduled one-time influx of engine assets from Vietnam for fiscal year

1974 (FYTM4), the projected workload for each engine is estimated at a

lower constant sustaining level for FY75 through FY81.

Force structure assumptions may have a one-dimensional impact by

affecting quantities only. This is essentially the case for both the

CS3 and DepotMAIDS studies. In other analyses, however, the assumptions

may have a compound influence, affecting both quantity and unit cost.

For such analyses it is imperative to construct a variety of plausible

force structures in order to measure the sensitivity of total cost to

force structure.

12 Office of the Assistant Vice Chief of Staff, Management Information
Systems Directorate, "Combat Service Support System Cost Effectiveness
Update," 10 Jul 72.
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When related, quantity and unit cost are generally inversely related.

That is, unit cost declines with increasing quantity. Two separate

factors account for the inverse relation. First, increased quantity

often necessitates greater utilization of capacity and a concomitant

spreading of overhead costs to a greater number of units. Second, in-

creased quantity often permits economies (the learning effect) to be

introduced in the production process.

Capacity utilization is a particularly crucial element in deter-

mining the production costs of ammunition. The following excerpt from

a MUCOM publication13 (reproduced as App E of RAC-TP-44914) summarizes

the situation:

A substantial amount of the production of ammunition and
its components is undertaken in (Government-owned, contractor-
operated) GOCO facilities. These facilities are often operated
at utilization ratds far below those found in commercial plants
and thus have a higher overhead to direct cost ratio. When
production of ammunition is at a high level, as it has been over
the last several years (FY69-FY71), the GOCO plants tend to
operate nearer optimum capacity and thus produce at lower cost.

The production costs of military hardware, particularly equipment

items that are large, complex, and subject to frequent design changes,

vary in a fairly regular manner with the cumulative volume of production.

This regularity has been described as "the learning phenomenon" and has

been expressed algebraically and graphically as "the learning curve."

The learning curve principle is that ea h doubling of cumulative

production will be accompanied by a constant percentage reduction in

cost, the rate depending on such factors as tPc of item, closeness to

predecessor items, and mode of manufacture. ost under one learning

curve formulation represents the cost of a particular unit (e.g., unit

100) and under a second represents the average cumalative cost

13US Army Munitions Command, Cost Analysis Division, "A Cost Esti-
mating Relationship for Small-Arms Cartridgt. Cases," Report CAD-71-!,
Feb 72.

14+
Alfred D. Stament and Carl R. Wilbourn, "Cost Estimating Relation-

ships: A Manual for the Army Materiel Command," RAC-TP-449, Research
* Analysis Corporation, May 72.

*

The lower costs of ammunition cited here, of course, are primarily
a result of Vietnam activities rather than force structure influences.
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(eo.g., the average cost of units 1 to 100). Learning curve essentials

are presented in App B; a discussion of wider scope is included in

Ref 14, Part II, Chap. 2.

Activity Levels. Operating costs in many analyses will be highly

dependent on assumed activity levels or rates. One of the classic

examples of such dependence is the aircraft system cost-effectiveness

study. A "typical" aircraft system model formulated in one review1 5 of

cost models includes flying hours as one of the determinants in the

following kinds of cost:

a. Initial training and travel costs of airframe mechanics

b. Annual replacement and travel costs of airframe mechanics

c. Annual pay and allowances of airframe mechanics

d. Petroleum, oils, and lubricants (POL) initial stockage cost

e. Annual aircraft replacement cost

f. Annual aircraft POL consumption cost

g. Annual aircraft maintenance parts cost

Monthly wartime flying hours enter into the determination of the first

three cost elements and annual peacetime flying hours into the remaining

four (see Ref 15, pp 25-27).

The dependence of cost on activity rates is obvious in aircraft

system applications and in combat vehicle applications (where miles takes

the place of flying hours as a major cost-driving parameter). It is

difficult to see how an analysis in such areas can be complete without

taking into account ranges of possible activity levels to ascertain the

effect on costs. This line of reasoning is pursued at length in Section 4,

and methods are discussed for examining the sensitivity of costs to

assumea activIty rates and other parameters.

Analyses frequently are based on the assumption that current (or,

perhaps, Vietnam-free) activity levels will continue into the future.

1 5 Alfred D. Stament, "An Individual System/Organization Cost Model,"
RAC-TP-183: Vol IV, "Review of Selected Applications," Research nalysis
Corporation, Dec 67.
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The CS3 analyses implicitly assume continuation of the current level of

activity. The latest DepotMAIDS study 1addresses activity levels at

LEAD as follows:

It is assumed that the level of activity will 'increase
due to a large influx of assets from Vietnam in FY74 and
then sharply decrease to a sustaining level of peacetime Army
in YT5 and out years, and this level is reflected in the
published [FY75) workload projection data.

Implicitl;-, the postulated LEAD activity levels for FY75 and beyond

assume constant annual peacetime operating rates for combat vehicles and,

as previously indicated, a stable force structure.

Degree of Support. The out-of-pocket costs required to implement

a proposed investment are reduced to the extent that the investment can

make use of inherited assets, i.e,, existing facilities, equipment, and

personnel. They also are reduced to the extent that required activities

can be performed by existing organizations or installations. This might

occur in the area of administration, for example, where an activity is

scheduled to be satellited on a host installation.

Guidance 7 concerning inheritance of physical assets and imputation

of any costs therefor is explicit, as is shown in the following excerpt:

The investment for a given project may consist of assets
to be acquired plus existing assets, i.e., assets already on
hand. However, the value of such existing assets will be
included in the investment costs only when the existing Asset
is currently in use (or has an alternative, planned use) on
some other project or is intended for sale. When such alterna-
tive use of the existing asset result in a cash outlay for some
other project which would otherwise not be incurred, or will
deprive the Government of the cash planned to be realized by
sale, the value will be included in the analysis.

Guidance7 regarding personnel inheritance and associated cost con-

sequences is less straightforward and comprehensive, being limited to

the statement that all training and retraining costs that occur which

would not have accrued without the investment should be included as a

cost of the investment.

Degree of support assumptions of a different kind from thosc

described previously are used frequently to set bounds for an analysis.

The need for such assumptions arises from the fact that the direct
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operating activities of a proposed investment are facilitated by sup-

port activities, that these support activities, in turn, receive support

from other activities, and so an ad infinitum. Where the support activ-

ities can be reasonably assumed to be comnon to all alternatives in an

analysis, the support can usually be omitted from the cost and benefit

determination. Support peculiar to alternatives mnsc be considered in

the analysis.

Facts vs Assumptions

In preparing an economic analysis it is important to distinguish

assumptions from facts and to label each properly. The validity of an

analysis iE in question when assumptions .e confused with facts or

assumptions are used to ease the preparation burden when, with research,

factual data could be obtained and presented.

The possibility of replacing an assumption by facts gained through

research is illustrated in the following excerpt from the Department of

Defense Economic Analysis Handbook1 :

If [for example] we are considering landfill as an
alternative to solving a disposal problem stemming from
increased waste, we might include In the stady, the assump-
tion that sufficient land for this -rieration is available
within a 20 mile radius of the Installation. However, in
this particular instance, there may have been no obstacle
preventing us from the research necessary to present this
element of data as a fact rather than as an assumption.

Making Assumptions Explicit

Iplied assumptions as well as explicit ones impact upon a study.

An implied decision is often introduced whpn several different courses

of action are open and a decision is made to proceed in one direction.

Such a decision may be erroneously accepted as a known quantity when

it is rea~ly an assumption.

The analyst should list assumptions as they are made and review

them frequently during the course of the analysis. One of the payoffs

of frequent reviews is the disclosure to the analyst of any implied

assumptions that have been employed. When identified, such assumptions

should be made explicit, questioned as to acceptability, and, where

acceptable, supported. The final ecoromic analysis documentation
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chould explicitly disclose all major assumptions so that the decision

rmer end reviewers will be able to ascertain the basic ground rules on

which the study results are based.

Sources and Justifications of Asspl tions. Assumptions must be

bascd on round rationale al justified as part of the analysis process.

For cx ple, if an assumption is made that the economic life of an

alternative is 15 years, this time frame must be supported. The justi-

fication might be along the following lines: "Current R&D efforts will

afdvnce technology to the point where the process can be eliminated at

the end of 15 years." To take another example, an assumption that the

acdinistrative load of a proposed satellite activity could be handled

at "no coct" by the host installation might be justified by showing the

ratio of paoposed activity personnel to total existing installation

personnel.

Justification in many cases may mean no more than a reference to

the inclusion of the assumption in the tasking order or to compliance

with a proper guidance document. For example, an economic life assump-

tion of X years for an elective component in a radar system might be

justified by ci.ting the manufacturer's standard of estimated life expec-

tance. The availability of the standard does not alter the fact that

an assumption is made concerning economic life.

Previous studies, approved recurring reports, and cost factor pub-

lications 16 917 facilitate the preparation of an economic analysis, per-

mitting the analyst to focus major attention on the construction of

alternatives and important areas of uncertainty. The primary concern

in using these sources is to ensure that the basic data or ready-made

factors are appropriate to the problem at hand. Among other things this

requires a close examinulion of the assumptions used in the sources.

Thoce assumptions that contribute materially to the results of the

cconomic analysis should, of course, be prominently displayed in the

final documentation.

Dept of Army, Comptroller of the Army, "Army Force Planning Coat
Ifandbook (U)," Oct 71.

1 7 Doris C. Berger, John O'Flaherty, and Joseph String, Jr.,
'Selected Uniform Cost Factors: A Manual for the Anw t'aterlel Command,"
RAC-TP-451, Research Analysis Corporation, Jun 72.
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Roles and Limitations of Assumptions. Assumptions are properly

used to narrow the scope of a study. They should be examined, however,

to determine whether they unduly restrict the study by eliminating

possible significant alternatives or by narrowing the scope of considera-

tion to the point that conclusions drawn from the study are in error.

Assumptions should be limited to areas in which it is either not feasible

or not possible to obtain facts.

Assumptions designed to narrow the ecope of an analysis are main-

tained throughout the analysis. Other assumptions, however, are made

with the deliberate intention of being changed during the analysis. The

use of variable assumptions has a twofold purpose. From an operational

viewpoint their use permits the analyst to focus on a set of manageable

subproblems, one at a time. From a study results viewpoint, their use

is essential to any investigation of the dependence of results on under-

lying assumptions. Procedures for investigating such dependence are

discussed in detail in Section 4.

ALTRNTIVES

There is normally more than one way to achieve a given mission or

activity. The various means that compete with one another are referred

to as alternatives. Existing systems and policies, the initial problem

statement, and the experience of the analyst provide a starting point

for the development of alternatives. As the analysis proceeds, the

alternative rwill become further defined, or perhaps discarded in favor

of new alternatives.

Where arpropriate, the choice of maintaining the current system

(the status quo) should be considered. It may be the best way after all,

and even though it may only minimally accomplish the mission, it is

important to show its status as an alternative. It will be beneficial

later if another alternative is selected to show taie comparison between

the old capability and the proposed alternatives. The current system

also may form a part of another alternative and should be considered

there as well.
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The decision maker can consider only those alternatives addressed

in the analysis. His decision :an be no better than the alternatives

presented for choice. The analyst's task, therefore, is to construct a

meaningful range of feasible alternatives for the decision maker's

consideration. Feasibility is determined by whether an alternative

satisfies all study objectives, assumptions, and constraints. Imagination

and careful attention to objectives go a long way towards determining

the proper range of alternatives.

Base Alternative

An economic analysis always addresses at least two alternatives, one

of which is usually the existing system or an upgraded version. The

alternative that most closely approximates the existing system should

be formulated as the base case or status quo. The base alternative, its

benefits, and its costs will then serve as common reference points in

the analysis. The interpretation of uenefits and costs of all other

alternatives, perhaps even their derivation, will depend on the particular

base case selected for study. It is crucial, therefore, that the analyst

constructs a proper base.

Specifying the Base. The term "specification" refers to the process

of determining the facilities, equipment, and manning requirements for

an alternative.. Ideally, specification should be in such detail that

important differences between facilities, between items of equipment,

and between personnel are isolated, while unimportant differences are

ignored. In practice it is often found necessary to specify at a more

aggregative level than is desired. Frequently, the data on which cost

factors and cost estimating relationships (CERs) are to be based set a

practical limit to the level of specification.

Specifying the status quo is intuitively simple. However, proper

specification of the base frequently will take considerable time and

involves subjective judgments on the part of the analyst. In some analyses

the specification of the base may prove as difficult as that of a pro-

posed alternative.

Feasibility of the Base. The base, like other alternatives, must

be examined for feasibility. If the formulated base is not capable of
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meeting the objectives witbin the study assumptions and constraints, the

analyst should address the changes necessary to meet the objectives.

The base alternative must be one that the decision maker can logically

choose.

It is realized that in upgrading the base or in altering assumptions

and constraints the analyst may be moving close to the decision maker's

prerogatives. Where such actions appear in conflict with the tasking

order, the analyst should attempt to resolve the issues with the decision

maker. That failing, full and carefully presented rationale for following

the particular course of action should be included in the documentation.

Prcposed Alternatives

The proposed alternatives in an economic anslysis derive from two

main sources. Some will be included in the tasking order. Often such

alternatives have been put forth by proponents with the expectation (or

hope) that they will be found economically suerior to the sataus quo.

The other source of alternatives resides in the skill and experience

of the analyst.

Specification of Alternatives. The importance of defining alterna-

tives cannot be overemphasized. The decision to select an alternative

can be no better than the alternatives presented to the decision maker.

Even though the proposed alternatives in the tasking order may be demon-

strably superior to the current system, it does not follow that they are

superior to other feasible alternatives that the analyst might construct.

As one source 1 2 has succinctly statsd, "The substantive quality of the

analysis depends on postulating feasible and imaginative alternatives."

It is the analyst's job to propose new ideas and new alternatives.

The traditional, conventional, or seemingly most plausible way of per-

forming a task is not the only way. As more is learned about the area

of concern, more alternatives should suggest themselves. Throughout the

study the analyst-should remain flexible with regard to acceptance of

new alternatives and discarding of old ones.

In certain studies it may be appropriate to consider the capabilities

of other DOD components or Federal agencies to meet Army requirements.

A study of meeting data processing needs, for example, might properly
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consider an option establishing a regionbl computer system to service

the data processing needs for an Army installation, offices of the Federal

Aviation Administration, and offices of the Interior Department.

For other studies, it may be appropriate to consider various mixtures

of Army systems as alternatives. For example, in comparing transportation

syrtems, several alternatives for surface transportation might be formed

fr= different combinations of truck, rail, and water modes. Similarly,

alternative proposals for increasing the productivity of a supply system

might include different combinations of automated and manual subsystems.

Identifying Problem Areas. Alternative specification is not merely

a tallying of hardware and personnel requirements. It is also a great

opportunity for the analyst to inquire into the major uncertainties sur-

rounding an alternative. Descriptions of proposed systems and their

ca.abilities, whether prepared by the analyst himself or produced by

proponents, invariably stress the positive. During the specification of

an alternative the analyst should pose a series of "what if" questions.

These can provide insights into how adaptable the alternative might be

to a variety of unfavorable circumstances. As discussed in Section 4,

crucial "what if" questions should be absorbed into a formal uncertainty

analysia.

I
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3 COSTS

INTRODUC117ON

Economic analysis involves the assessment of both costs and benefits.

This section discusses costs, and Section 4, which follows, discusses

benefits. In general, cost analysis is concerned with resource inputs

and benefit analysis is concerned with resulting outputs. Using this

delination, the cost and benefit components of economic analysis may be

characterized as follows:

Cost analysis is a systematic determination of the real resource

requirements (personnel, equipment, and facilities) of all candidate

alternatives and the translation of such requirements into estimated

dollar costs.

Benefit analysis is a systematic determination of the outputs of

all candidate alternatives. Where possible, the outputs are quantified

in terms of dollars, performance indicators, or physical measures.

Narrative descriptions are provided for nonquantifiable benefits.

The subsections which are discussed in this section are cost concepts

and definitions, methods of estimation, system development considerations,

data considerations, and cost model considerations. Section 4 presents

a parallel treatment of benefits. Problem areas in both cost and benefit

are identified even where ready answers are lacking or incomplete.

CONCEPTS AND DEFINITIONS

While there are several concepts of cost, only the primary cost con-

cepts need to be mastered in order to provide a background for economic

analysis applications. The primary concepts are discussed here. Defini-

tions of additional terms are provided in App B.
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Opportunity Cost

Resources used in one activity cannot be used at the same time in

another. The value foregone from using the resource in an alternative

use is referred to as opportunity cost. Thus, the opportunity cost of

the steel used for making tanks is measured by its unavailability for

r .making automobiles. Similarly, the opportunity cost of the synthetic
fibers contained in a soldier's uniform is measured by its unavailability

for a party dress.

Price. Under the idealistic conditions of perfect competition in

factor and product m,.-Kets, the price o2 a commodity may be used to

measure its opportunity cost.18 For example, under conditions of perfect

competition the price of a ton of steel would exactly measure its common

value in the production of tanks and automobiles.

Price Levels. Prices for goods and services vary over time and

geographical area. A price index is a summary number that reflects a

price level change from one period or place to another. The use of a

common base provides a means for making dollar totals of different years

or places comparable. Generally speaking, the analyst will be more con-

cerned with time-based price indexes than with geographical ones. The

latter are of importance in certain areas such as construction, however,

and are the subject of a special AR.
19

The sample indexes for ortnance and related accessories published2 0

by the Weapons Command (WECOM) will be used in the succeeding paragraph

to illustrate the general relation between price level and price index:

Year Labor Index Material Index

1960 100.0 100.0
1961 104.1 99.0
1962 106.5 98.9

18Paul A. Samuelson, Economics, 8th edition, McGraw-Hill Book
Company, New York, 1970.

19Dept of Army, "Empirical Cost Estimates for Military Construction
and Cost Adjustment Factors," AR 415-17, 26 June 1972.

2 OUS Army Weapons Command, Cost Analysis Office (AMSWE-CPD), "Infla-
tion and Military Price Indices," Publication No. 70-21, November 1970.
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The price index for the base period is defined as 100 and all other

indices are interpreted with respect to the base. In this example the

base year for the ordnance indexes is 1960, as shown by the 1960 index

value of 100.0 for both labor and material. The labor index of 104.1

for 1961 indicates that the price level---or average prices paid for a

commn amount of labor in ordnance prc-luction---would be 4.1 percent higher

in 1961 than 1960. Similarly, the labor index of 106.5 for 1962 indicates

that a common amni:.t of labor would cost 6.5 percent more in 1962 than

1960. in his example the material index is smaller in each successive

year. This implies that the average price for materials is declining,

e.g., the price of materials in 1962 is 1.2 percent less than in 1960.

The terms "constant dollars" and "current dollars" are frequently

encountered in economic analyses. Constant dollars refer to real value

over time, or the measurement of value over time with a correction made

for price changes. On the other hand, current dollars refer to values

whicn are uncorrected for price changes. For example, if it is assumed

that the average hourly wage rate was $3.48 (current dollars) in 1960

and the average hourly wage rate was $3.85 (current dollars) in 1962,

then the real wage rate or the wage rate in constant dollars (base 1960)
for 1962 is $3.62, e.g.,

(3.85). = $3.615

Constant dollars are measured in terms of real purchasing power with

respect to a specified base year. The formula for converting current
dollars into constant dollars is

Ccnstant dollars (period t) = current dollars x price index (base)
price index 7tT

Imputed Costs. Payments are made for acquisition of all new resources.

An activiiy , however, may make use of existing assets as well as newly

acquired ones. The use of existing assets raises two questions. Should

an activity be charged with an imputed cost for the utilization of such

assets? If so, what determines the cost magnitude?

AR 37-137 guidance on these questions reduces to an affirmation of

the opportunity cost concept. The AR states that an imputed cost should
be added to the investment costs of an activity wherever the asset has
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an alternative use. The velue of the asset in the alternative use, in-

cluding any expected return from asset disposal, establishes the imputed

cost. Although not specifically addressed, the imputed cost should be

set at the highest value when there is more than one alternative use for

the asset.

Residual Value. A project may have several assets that are expected

to physically outlive the project's economic usefulness. The value of

these assets, if any, at the end of project life is independent of what

the assets originally cost. The residual value is the net value of the

asset i the most favorable alternative use after allowance for any

necessary costs of dismantling and removal.

AR 37-13' directs that any estimated res dual value of assets should

be treated as an offset to the cost of the project for which they are

originally intended. The residual value must be properly discounted to

a present value amount and supported with justification.

Present Value

In every investment, explicit recognition should be given to the

fact that a dollar today is worth more than a dollar to be received

sometime in the future. Present value calculations provide a means for

comparing dollar amounts received or expended in different years. Funda-

mental to the concept of present value is the fact that money has time

value. Like all resources, money is productive and because there is a

strong preference for having a dollar today as compared with having a

dollar at some future time, payment of interest is required for the use

of money. The interest rate is the necessary tool for converting costs

and benefits occurring "t different points in time into an equivalent

cost and benefit occurring at the present time.

The technique or calculations required to determine the present

value of a cash flow is called discounting. The term comes from the

fact that an amount in the future is discounted back to some lesser

present value (remember a dollar today is worth more than a dollar

sometime in the 1uature). The mechanics of discounting are described in

the Discounting section of App A.
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The interest rate used in the calculation of present value is nor-

mally determined in one of two ways. The first is simply the cost of

capital method. This is the rate which a borrower is charged in order

to use a lender's money. The second method is called the opportunity

ccst of capital. This situation is used where the capital to finance a

project is held by an investor and does not have to be borrowed. In

this case, the interest rate is determined as that rate which could be

received if the same money were lent or invested rather than used to

finance a particular project.

Economic analysis guidance specifies the use of a 10 percent

interest rate in present value calculations for all but a limited number

of Army investments. This rate is intended to represent the opportunity

cost of capital in the private sector of the US economy. 2 That is, the

returns that are foregone by investing in Federal projects rather than

private projects. The rate is not intended to incorporate considerations

of uncertainty or of inflation, but just the time value of money to the

Federal government.

The general formula for calculating the present value (FV) of A

dollars t years from now at a constant interest rate i compounded annually

is as follows: A

PV= tPV=(l+i)t

For example, the prescnt value of $121 to be received in two years is

$100 if an annual rate of 10 percent is used.
121

100 (l+.l)2

The underlying rationale is that if $100 were invested today at an annual

rate of 10 percent for a year and the principal and interest subsequently

invested for another year, then the total return at the end of two years

would be $121.
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"here the alternatives being compared have differing economic lives,

the direct comparison of present value costs will generally identify the

longer-lived alternative as the more expensive. Restricting an analysis

tQ comparison of present value costs would clearly involve placing a

penalty on the longer-lived alternacive. A measure of the average cost

per productive year is needed to compare the alternatives. This average

cost is referred to as the uniform annual cost.

Uniform Annual Cost

The concept "uniform annual cost" assumes that the discounted present

value of projected costs can be uniformly distributed over the usefu l

life of the investment. Uniform annual cost should be used whenever

alternatives have different project lives. Uniform annual cost is ob-

tained by dividing the total present value cost by the sum of the discount

factors for the years iu which the alternative yields benefits. The

alternative with the smallest uaiform annual cost is assumed to be the

least costly alternative. Comparison of the present value costs of

alternatives with different project lives is never appropriate; the only

valid comrarisons are those on the uniform annual costs. Appendix A

discusses the uniform annual costing method and illustrates how it is

derived from present value costs.

Future Costs vs Past Costs

Economic analysis is concerned with the future costs of alternatives.

Future cost estimates present the decision maker with the expected cost

consequences of making various decisions. Past costs are beyond the

reach of any decision that might be made.

Incremental Marginal Costs. The incremental (marginal) costs of an

alternative consist of all costs which are directly attributable to the

implementation of the alternative. Costs which would have occurred

regardless of whether or not the alternative was implemented should not

be included. From the standpoint of planning, all incremental costs are

future costs.
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Sunk Costs. Sunk costs are the costs that have been expended prior

to the beginning of the study time frame. They should not be included

in a cost comparison, but should be shown separately as spplementary

information. For example, if two alternative commnicWations systems are

being considered for development and $2 million of RO) funds have been

spent on one of the alternatives, vhile no funds have been spent on the

other, then the $2 million expenditure is sunk and should not be included

as cost when comparing the two alternatives.

Cost Estimating. Past ccsts are of vital interest to the analyst.

Csts experienced in the past provide the most reliable means for gener-

ating expected future costs. Generally the analyst will have to expand

his invcestigation beyond the alternatives being considered as candidates

in the economic analysis in order to develop meaningful cost estimates.

Collection of cost data on the status quo, though essential, may not be

suficient•

Life Cycle Costs

The life cycle costs of an alternative include all associated costs

from inception through impla.mentation and operation. Life cycle costs,

are categorized on the basis of research and development (R&D), invest-

ment, and operating costs. Definitions of these basic cost categories

follow:

Research and Development. Includes all costs necessary to design

a project or system and to perform development testing. R&D costs en-

compass efforts devoted to components and to their integration into an

overall project or system.

Investment. Includes all costs required to introduce a fully de-

clgned project or system into operation. This category includes all

nonrecurring (i.e., one-time) costs incurred in the acquisition of

equipment, facilities, supplies, and services. This restricted defini-

tion of investment should not be confused with a broader usage employed

in Army guidance. Investment in the broader sense means any future

utilization of resources.
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Operating Costs. Includes all recurring costs associated with the

compensation and training of personnel and the operation and maintenance

of plant and equipment.

Costs - Current Dollars vs Constant Dollars

Past costs reflect the prevailing price levels of the years in which

the costs were experienced. Price indexes are used to remove the dis-

turbing influences of general price movements. Original or unadjusted

past costs are referred to as current or nominal costs, whereas those

that have been adjusted through application of price indexes are referred

to as constant or real costs. Constant codts are always based on price

conditions that existed during some selected time period, generally a

selected year.

The propriety of using empirically derived indexes to adjust his-

torical cost date is universally recogniized, although differences of

opinion exist on how to construct a proper index and on the extent to

which indexes developed from the private sector are appropriate for DaD

expenditures. The use of projected indexes to convert constant dollar

estimates to current dollar estimates for future years, on the other

hand, has led to considerable controversy and confusion. Here future

price movements are forecast rather than pest movements measured.

The economic analysis guidance 5 '7 is firm and clear on the use and

limitations of projected price indexes (inflation rates) for future

years. Evaluation of alternatives is required, using the general pur-

chasing power of the dollar existing at the time the analysis is prepared.

It is mandatory that the principle evaluations of the alternatives be

based on constant (uninflated) dollars. However, supplementary analysis

using current (inflated) dollars is encouraged where "inilation is con-

sidered important to the conclusion of the study.
'5

METHODS OF ESTIMATION

A variety of methods is available for estimating costs. Some of the

important methods are diecussed in this subsection and are as follows:

cost factors, cost estimating relationships (CERs), analogy costing,

industrial engineering costing, and expert opinion costing.
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Cost Factors

A cost factor is "a single multiplier such as a cost per unit of

rcouce, or a ratio relating the cost of a portion of a system to the

cost of another controlling portion of the system. ',2 1 The majority of

cost csti=tcs are made by applying coot factors.

Cost factors include averages derived by the analyst from empirical16,17
rcoci-ds, planning factors publishcd in special handbooks, and

22
stand-_r, prices listed by the Army or contractors. Examples of operat-

ing rates and POL cost factors from Ref 17 follow:

14l13l1 armored personnel carrier average miles per year = 1572
Mll3A1 gallons per mile - .62
Army stock fund price per gallon for diesel fuel - $0.12
Ground equipment nonfuel POL costs = .08 x ground equipment fuel costs

The use of the above operating data and cost factors in estimating the

annual POL costs for an Mll3A1 follows:

Annual Mll3A1 POL costs = 1572 x .62 x $0.12 x (1.08) = $126
Cost Estimating Relationships (CERs)

A cost estimating relationship is an equation that relates costs of

an item or an activity to one or more physical or performance character-

istics. The CER development process consists of three distinct phases.

These are 1) identifying a population of related items or activities;

2) collecting historical data (e.g., cost, performance, technical

characteristics, and program data on each member of the population];

and 3) deriving a generalized relationship through statistical techniques.

CERs for the most part are developed through application of standard

regression analysis (see App C).

One of the most challenging aspects of CER development is the iden-

tification of logical cost-driving explanatory variables and the formu-

lation of the underlying mathematical relationship between cost and the

selected explanatory variables. Stoment and Wilbourn discuss these

subjects in detail 1 4  (Gee pp 11-1-35 to 11-1-36).

Bruce H. Baker, "Improving Cost Estimating and Analysis in DOD

eru2 Id " Doctoral Discertation George Washington University, Jan 72.
2 2 Dept of Army, "Aruy Adopted and Other items of Materiel Selected

fo- Authorization," SB 700-20, 30 Nov 71.
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All physical and performance characteristics regarded as potential

cost drivers for systems in the CER sample and for future systems should

be evaluated as possible candidate independent variables. If the cost

analyst is thoroughly familiar with the class of systems under investi-

gation, he may be able to select the most appreriate characteristics.

In general, however, he should rel, on an "expert" in the field, such as

a project manager or engineer, to assist him in this selection. Often

people with a technical orientation can suggest related variables for

which data might be collected. Thus, for example, velocity might be

considered as a candidate variable for missile production costs. In

addition to velocity, it might prove usefil to have related measures

such as engine thrust, total impulse, and the ratio of total impulse to

weight.

Depending on the particular application, there may be independent

variables other than physicsl end performance characteristics that might

be significant. For investment CERs, variables such as total number of

production unite, production rate, and number of prototype units produced

are possible candidates. For operating CERs, vehicle age and cumulative

operating hcura or miles are possibilities. Also, the geographic area

of operation could be an important variable because it might lead to a

stratification of the sample.

An example of a digital computer CER developed jointly by personnel

from the Electronics Ccmand (ECOM) and GRC follows:

C = 105 + 2.90 A + .157 S + 709 (T)
T

where C = cost in thousands of dollars,
A - number of bitc accessed per memory cycle time (bits per

microsecond),
S = core storage size (thousands of bits),
T - fixed-point add time (microseconds).

The CER was developed on the basis of 11 third-generation computers.

The CER accounted for over 95 percent of the total variation of cost for

the sample computers. Further details on this CER and a related one

based on the same sample are provided in Annex A2 of Ref 14.

Analy Costin

Analogy costing has been used in Army applications more than costing

through CERs. The simplicity of the approach relative to that of CERs is
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undoubtedly one of the reasons. Another is that analogy costing often

ean be applied where development of CESs is impossible or not warranted

frm the viewpoint of time and cost. The analogy approach can be used

to estimate the cost of any equipment item provided that technical speci-

fications can be secured for a single coparable predecessor. Cost and

technical data on several predecessor items would have to be collected

in order to develop a reliable CER.

The analogy approach typically assumes that cost is proportional to

the magnitude of same technical characteristic. For example, a doubling

23of weight is assumed to double cost. In one application POL cost per

mile was assumed to be proportional to the number of cylinders in the

vehicle engine. The number of cylinders in the Sheridan engine and in

the proposed engine for the austere combat vehicle (MiCV) were combined

with POL experience data for the Sheridan to estimate POL cost for the

MICV as follows:

F engines MICY# engines Srid x POL cost Sheridan estimated POL cost MICV#engines Sheridan

8
x $.0670 = $.0893.

Industri-a gineerin Costing

The industrial engineering approach to cost estimating is used

primarily to estimate hardware production costs and involves the consoli-

..... dation of separately developed cost estimates formed from detailed analyses

of work processes, material, and item dimensions. The approach is feasible

only when technical data packages and drawings are in hand; it is time-

consuming and exacting even when such equipment descriptions are available.

In the industrial engineering approach the total production process

is divided into work segments. The direct costs of each work segment are

then calculated by applying current cost factors to the estimated labor

and material requirements. Typically, overhead and assembly costs ezz

based on the work segment resource requirement3 and/or estimated costs.

Such diverse costs as tool maintenance, quality control, and nanufacturing

research in certain applications may ultimately relate be-1 to the basic

direct labor estimates.

23Lt W. A. Holman, "Annual Operating Costs of the Austere Mechanized

Infantry Combat Vehicle (MICV)," WS-103-71 US Army Field Operating Cost
Agency, Nov 70.
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Procurement personnel and members of "should-cost" teams may find

themselves frequently involved in industrial engineering cost estimating.

The approach, however, would appear to have limited application in eco-

nomic analysis. Generally, the analyst would have neither the necessary

information nor time to develop true enginee- ing estimates. Make or buy

studies (for example, production of ammunition in arsenals or purchase

from commercial producers) may be one area where industrial engineering

estimates would be appropriate.

Expert Opinion Costing

Expert opinion costing may be viewed as the primitive application

of formal costing methods by an experienced individual. For example,

the procurement officer on a military installation gains an intuitive

sense of the cost of supplying the installation with certain line items

over time. While he may not go through the formal steps of analyzing

cost and requirements, his experience may be adequate to provide reliable

cost estimates for similar operations at another installation.

It is arguable whether expert opinion or judgmental costing should

be considered as a separate method of cost ,,stimating. However, it is

appropriate to mention it, and it can be distinguished from parametric

cost estimating in that the latter is accompanied with supporting infor-

mation regarding cost, performance, physical dimensions, or other speci-

fications.

SYSTE4 DEVELOPMT CONSIDERATIONS

The feasibility and propriety of using the different types of cost

estimating methods are determined by the availability and quality of

input data. These, in turn, depend primarily on the stage of development

of the subject system or systems. Figure 2 depicts some useful generali-

zations that can be made concerning stage of development, input data, and

broad type of cost estimate.

Figure 2 suggests a tendency for the quantity of hard input data

(supportable numbers vs guesses) to FT-ow as the system passes from the

conceptual stage to the operational stage and a concomitant tendency ir

data uncertainty to vary in the o:posite direction, As the system moves

toward the operational stage, >. ss reliance can be placed on opinion and
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parumtric estimates and more on industrial engineeriig estimates or even

actual system operating data. The area in the rectangles on the right-

hand side of the figure give some idea of the use of the different types

of "cost estimates" by stage of system development.

DATA CCSIDERATIONS

Cost and technical data for a study are generated from three general

sources. These include existing studies and manag nt documents, operat-

ing reports from existing information systems, and field or test results.

SUM Data Qlmastty Dta UebcrtaXnt Estiintins Metbods

OcnPtua1 Opwasa ftramtric

MD mica Pkmrutz

PrWociceo ftrmtrie Maglnwr.

Q-MUtI . Actua1

Fig. 2--Relation of Development Stage to
Data Inputs and Estimating Methods

Cost Sources

Studies and Documents. The primary concern in using existing studies

or management documents is to ensure that the basic data or ready-made

factors are appropriate to the current study. This cannot be done ade-

quately on the basis of similarities in nomenclature. Appropriateness

can only be determined by thorough examination of descriptions and cal-

culating meth,.:s provided in the source rublications. Obviously if the

analyst is ua.-iatisfied with the documentation or method of calculation

for a given irformation element, the source should not be used for that

element.

A second concern with published sources is whether or not the data

are current. Cost data have a tendency to become outdated rather quickly.

Thus, even though a source properly identifies the composition and method

of calculating a cost factor, the factor might require updating to be
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useful. Wh:re a question of updating arises, it is often best to contact

the originating agency to ascertain the possible need for and availability

of updated information.

In addition to special cost handbooks (e.g., Refs 16 and 17) and

existing atudies. the following types of documents contain cost data and

factors:

* Contract files

* Cost Information Reports

* Procurement Information Reports

* Army catalogs

* Army Materiel Plan

* Commercial price lists

Each of these sources is discussed in Ref 14 (Part II, .ap. 2) and

exemplified to the extent possible by the field work underlying the

study, by reproduction of report formats, and by inclusion of extracts
8

from the COA Methodology Handbook. The COA publication also contains

discussions of additional sourr-es, particularly those relevant to the

early planning stages (see Ref 8, Chap. 3).

Operating Reports. Most information systems wre established to

serve the needs of managers of operational activities such as maintenance

and supply, or for financial control, or for a staff activity such as

personnel. The reports from these systems do not necessarily lend them-

selves to the needs of the economic analyst. Experienced analysts should

find little trouble agreeing with the following observations from Jestice24

It appears that in every study we've done, whether
it is in the education, military or mining fields, the
data that are available rarely address themselves to the
fundamental questions that are required in decision-
making. The data are gathered because someone developed
a lot of enthusiasm about collecting this type of data.

Despite these limitations, standard operating reports are useful

during the performance of an economic analysis. The reports requircd

.Aaron Jestice, ".. PA=N Method and National Defense Require-
ments," Rose Glubin, ed., Office of the Assistant Secretary of Defense

4(Ccmptroller), Benefit/output in Economic Analysis in the Department of
Defense, Jan 73, PP 55-b3.
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under AR 18-325 provide a case in point in the ADP area. These reports

were used in the CS3 economic analysis studies and are referenced in

Vol IV. Maintenance reports such as those published by the Logistic

Data Center and Depot Maintenance Control Center are additional examples.

These are discussed in Ref 14 (pp 11-2-26 to 11-2-28).

AR 335-1126 provides a list of recurring reports by initiating agency.

Each report title is actompanied by information on the friquency of prep-

aration, implementing directive (for example, AR, DODI, letter), and

preparing agencies. The analyst should familiarize himself with AR 335-11

and the types of reports submitted in his functional area. This means

examining directives and sample reports. When a study assignment arrives,

the analyst who has done his homework in these areas will be in a better

position to Judge how much ass4itance can be expected from recurring

reports.

Field or Test Data. In many studies it is necessary to secure

field or test data to properly compare costs (and benefits) of system

alternatives. Planning, collection, and analysis of such data is typi-

cally time-consuming and expensive. Succeeding paragraphs address

several considerations that should be kept in mind when planning for the

collection of "original" data.

The analyst should first convince himself that the data elements

under consideration are important enough to the economic analysis to

warrant the special data collection effort. The purpose of the analysis,

it m=st be remembered, is to aid in the selection of the best alternative

rather than to strive for cost accuracy per se. Special collection

efforts thus should be limited to those activities and costs where con-

siderable differences among alternatives are expected.

When a special data collection effort has been Judged worthwhile

and capable of being accomplished in sufficient time for application to

the problem at hand, the analyst must then:

2 5Dept of Army, "Automatic Data Processing Management Information
System," AR 18-3, 10 Nov 71.

26 ept of Army, "List of Approved Recurring Reports," AR 335-11,
7 Jun 1972.
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* Define exactly what each element includes and excludes.

e Outliae how each element is expected to be collected.

* Determine the requisite sample sizes for statistical significance.

e Determine where the data should be collected.

Sampling and experimental design concepts are discussed in Section 6.
The analyst should familiarize himself with these considerations in order

to achieve optimum return of information. For detailed assistance the

analyst should consult the RAND survey2 7 of sampling techniques which

is oriented towards military applications.

Technical Characteristics Sources

Many economic analyses can be performed with little or no need for

physical and performance data. Such data, for example, were not an

integral part of either the CS3 or DepotMAIDS analyses (see Vol IV).

Each of these efforts, however, addressed close-in, well-defined alter-

natives. Actual operating cost data was available for many elements of

cost. Analyses d-rected to systems in earlier stages of development

would have a greater need for parametric estimating and a parallel need

for physical and performance data.

Project managers and engineers within R&D Directorates are excellent

sources of system technical data. For parametric costing (particularly

employment of CERs) it must be remembered that technical specifications

are required not only for the systems of immediate interest but also for

as many related past systems as feasible.

Special technical data sources vary by type of system. The PMP is

a valuable source for a project-managed system. The most common published

sources of physical and performance characteristics follow:

a Developmental systems

- Qualitative materiel requirements
- Small development requirements

*27
27 G. C. Sumner, "Sampling Method: Suggestions for Military Cost

Analysts," EM-5779-PR, The RAND Corporation, Oct 68.
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* Current and past systems

- Development documents (including above two sources)
- Prior studies
- Contract files
- Comercial publications
- Army publications

US Army fact aheets
• Technical manuals
* Special texts

Each source in the preceding list is discussed in Ref 14 (Part II,

Chap. 2). The difficulty of securing good technical data should not be

underestimated, and the analyst should be both critical and circumspect

in his treatment of technical data. These strictures apply to current

and past systems as well as to systems under development.

Data Analysis and Adjustment

Locating good, reliable data in sufficient quantity is a major

problem. An analyst may devote more effort and time to the collection,

adjustment, and reduction of information than to any other aspect of the

economic analysis process. Since the end result can be no more reliable

than the input data, care should be used in collecting and manipulating

the data. The existence of a thorough, carefully prepared data collec-

tion plan will help prevent committing the error of gathering the wrong

data.

The analyst will frequently encounter the problem of small-sized

samples and in many cases little can be done. The statistical uncer-

tainty associated with small-sized samples will have to be recognized

and accepted. In other cases the analyst may find that there is an

opportunity to increase the data sample throxvgh use of estimates, further

data collection efforts, or results of experiments.

Cost. The subsequent paragraphs of this subsection discuss some

of the more important and frequent types of data analyses and adjustments

to cost data. These include comparability analysis of cost data, con-

version of cost data to constant dollars, and adjustments for production

quantity. The presentation has been abstracted from discussions included

in the RAC CER M.nuall  (Part II, Chap. 2). Appendix B of the present

volume contains detailed descriptions of price indexes and learning curves,

the latter being used to allow for variations in production quantity.
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Comparability Analysis. Comparability analysis should be conducted

concurrently with the daza collection effort and it involves the detailed

examination of the composition of each cost data point. The data col-

lected must meet all the criteria specified by the population definition.

That is, all pertinent costs must be included and all others excluded.

Where questions of composit,-on exist, assistance should be sought by

contacting those regarded as knowledgeable in the particular area, es-

pecially those whose responsibilities might have brought them into con-

tact with the basic data.

The problem of data comparability is severe when multiple sources

are tilized. However, care also must be exercised when there is a single

data source. For example, if contract files are the only source, the

analyst must make a thorough analysis of all line items. It is usually

difficult, without the assistance of the contracting officer, to inter-

pret some of the line item descriptions or to determine whether some

other items should be included. In addition, the analyst must ensure

that all relevant costs be collected that are not listed in the contract,

such as Government furnished equipment (GFE) or components procured from

a supplier other than the prime manufacturer.

Conversion to Constant Dollars. Costs incurred in different years

are not directly comparable because of changes in the general price level.

Therefore, when the cost data collected represent expenditures in differ-

ent years, it is necessary to convert all costs to a co mon base. Nor-

mally all costs are converted to cufrent FY dollars.

Table 1 provides an example of|price indices for airframes. The

table is included for illustration purposes only. The table should not

be considered as containing approved !DOD/DA price indices.

As indicated in Table 1, FY68 is the base year. In order to convert

cost incurred in other years to FY68 dollars such costs should be divided

by (or multiplied by the reciprocal of) the index opposite the y-ar in

which the cost was incurred. For example, a cost incurred in FY71 would

be divided by 1.1387 to arrive at the equivaient FY68 cost.
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Table 1

AIRFRAME I3DICES
(Base, FY68)

FY Index

.967 0.9457

1968 1.0000

1969 i.0483

1970 1.0951

1971 1.1387

1972 1.1783

If another base year were desired, a new table could be generated

by dividing all indices in the column by the index of the base year.

Thus, if FY70 were the desired base, the above table could be converted

to that base year by dividing all indices by 1.0951.

Cost-Quantity Adjustments. When developing a parametric estimate

for the acquisition cost of a system, the basic cost data collected for

the sample systems, in general, will not be comparable because they rep-

resent different cumulative production quantities. For example, the

cost of the 100th unit of one aircraft cannot be compared directly to

the cost of the 500th unit of another aircraft because the latter has

had the benefit of more "learning." To make the costs of all semple

systems comparable, it is necessary to derive a learning curve for each

or to apply some accepted industry standard. By following either approach

the analyst will be able to estimate sample system costs at like quantities.

Figure 3 depicts the translation of an "actual" cost at unit 500 to a
"normalized" one at unit 100.

The application of learning curves is relevant to only the recurring

portion of production costs and measures true learning only when all re-

curring costs have been converted to constant dollars. In the subsequent

discussion of learning curves the term "cost" should be understood to

refer to recurring production cost in constant dollars.

414



0

L S

SI - I

a.S 6 a., 4 7 0 0 a * a a 4 s $ &m

10 50 100 500 1000

Number of Units

Fig. 3-Eighty Percent Cumulative Average Learning Curve

The two most familiar forms of learning curves assume that as the

zumulative production quantity of units doubles the. cost per unit declines

by some constant percentage. One form treats the cost as the incremental

or unit cost; the other treats it as the average cost for the cumulative

number of units. Either formulation results in a function that is linear

when plotted on logarithmic gridz. When the incremental cost assumption

is made, the form of learning curve is termed the "log-linear unit curve;"

when the average cost assumption is made, it is known as the "log-linear

*cumulative average curve."

The complement of the constant percentage reduction, i.e., one minns

the reduction, is referred to as the learning curve slope. Thus, an 80

percent slope means that the unit cost (or cumulative average cost) at

quantity 200 will be equal to 80 percent of the unit cost (or cumulative
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average cost) at quantity 100. Figure 3 shows an 80 percent curve (for

specificity designated as log-linear in cumulative average form).

The algebraic expression for the fog-linear unit curve is:

b

thwhere Yi cost of i unit

a - cost of first unit

Xi  cumulative unit uumber

b z slope parameter.

The parameters a and b may be estimated directly by regression

analysis if several values of Y and related values of X are known. How-

ever, this is usually not the case. Costs of hardware items are almost

always accounted for in "lots" rather than in single units, and the

average unit cost of a lot is not the cost at the arithmetic mean of the

lot units. For example, if a lot includes cumulative quantities 101

through 200 at an average unit cos of $100, then the cost of unit 150

is not $100. This is because learning occurs within the lot itself.

The algebraic expression for the log-linear cumulative average

curve is:

i i

where Y, a cumulative average cost of i units

a = cost of first unit

Xi = cumulative unit number

b = slope parameter.

One advantage of using this formulation is that it is not necessary

to calculate algebraic midpoints. The parameters a and b may be

estimated by regression analysis provided that the cumulative average

costs are knovn for several lots. However, in some cases the cost of

one or more lots will not be known, and therefore it will be impossible

to calculate the cumulative average cost for subsequent lots. When this

occurs, the analyst my be forced to use the log-linear unit curve

formulation.
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Tedhnical Characteristics. The problems associated with cost data

are somewhat different from those associated with physical and performance

data. The main cost problem is often one of securing a source, whereas

that of technical characteristics frequently consists of reconciling con-

flicting values cited in several sources.

The succeeding paragraphs of this subsection address possible sources

of technical characteristics problems and opportunities for meeting them.

The presentation, like the corresponding one for costs, has been abstracted
14from the RAC CER Manual (Part II, Chap. 2). The material, while most

meaningful for those planning to develop CERs. contains much of broader

applicability.

Problems of Definition. Once the appropriate physical and perfor-

mance characteristics have been identified and the data sources selected,

the most critical factor is to ensure that the characteristic values have

the same meanings for all systems in the sample. When different sources

are investigated, the analyst will frequently find that different values

are given for apparently the same system characteristic. One of the

possible reasons for these discrepancies is that the values might be

based on different definitions. For example, there are many measures of

the characteristic "horsepower." Horsepower rating would depend on such

things as engine speed, type of fuel, whether the rating represents an

instantaneous or sustained maximum, whether it is measured with or with-

out accessories, whether it is measured at the flywheel or renr wheels,

etc. Another possible reason is that the value for a characteristic may

actually change o'rer time because of modifications to the system. When-

ever this occurs, the characteristic values should be associated with

*the appropriate costs.

Conversion of Measures. If consistently defined values cannot be

found for all characteristics, the analyst can sometimes compute values

that are comparable. Some performance characteristics, for example, are

based on climactic conditions (e.g., 32°F or 60'F), and there may

be standard formulas for converting all sample values to a common set

of conditions. Other performance characteristics are direct ,unctions

of physical characteristics, and comparable values can be computed.
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A commn problem encountered in many CERs using weight as an explana-

tory variable is that the potential sample might contain systems manu-

factured from different types of material. This problem was encountered

by WECOM in the developmient of manufacturing labor cost CERs for heli-

copter armament subsystems. In the pintle class of armament subsystems

one model was constructed of steel whereas the others *ere constructed of

aluminum. A comparability adjustment suitable for the purposes of CER

develoment was made on the basis of relative weights (490 pounds per

cubic foot of steel, 168 pounds per cubic foot of aluminum). Weight of

the subsystem constructed of steel was adjusted by dividing this weight ,

by 2.9167--the ratio of 490 to 168.28

The preceding paragraph addressed corversion of measures before CER

develcpment. An interesting example of conversion of measures applied

to estimates from a derived CER is documented in a MUCOM cartridge CER

report. 2 9 The derived MUCOM CER was based on ball-type cartridges with

brass cases. The CER was used to estimate costs for the steel-cased

Bushmaster round. To convert the CER estimate to one appropriate for

steel rounds, brass/steel weight and cost differential factors were

applied. After application of these adjustments (and one for inclusion

of a tracer element in the Bushmaster round) the adjusted cost was com-

pared to an independently prepared engineering estimate. The adjusted

CER estimate differed from (exceeded) the engineering estimate by 10

per ent.

Use of Proxies. Combinations of characteristics can sometimes be

use as proxies for those that are not available or whose definitions

are not consistent among sample systems. As a simple example, if the

acquisition cost of a class of equipment is expected to vary directly

with volume and volume data are not available, then cost should vary

with the cube of a linear measurement provided that linear proportions

28atrick J. Gannon, "Cost Estimating Relationships for Aircraft

Armament Subsystem Manufacturing Labor Cost," Technical Report AMSWE-CPE
71-11, US Army Weapons Command, Cost Analysis Division, Sep 71.

2%obert J. Brown, "A Cost Estimating Relationship for Ball Type
Small Arms Ammunition," Report CA-M-71-1, US Army 1,4unitions Command,
Cost Analysis Division, Aug 71.
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are relatively constant for different sizes of equipment in the class.

Examples of use of proxies will be provided for CER investigations

carried out at MUCOM and the Aviation Systems Command (AVSCOM).

At MUCOM the product of length times diameter squared was used as

a candidate explanatory variable in various cartridge case CERs. This

is a proxy for maximum volume and, to the extent that the cases are

approximately cylindrical, is proportional to approximate case volume.

This follows from the equation for volume of a cylinder:

V d2

where v - volume

d = diameter

I = length.
2Derived regressions based on the product, ld have the factor of propor-

tionality, - , imbedded in the regression coefficient attached to the

product term (see App E of Ref 14).

CERs developed at AVSCOM provide another example of the use of

proxies (see Annex Al of Ref 14). It was reasoned that the maintenance

man hour requirenients for helicopters should be related to the area swept

by the rotor in a specified period of time, or:-2
SA=ID 2NR

where A = area swept per minute

D - rotor diameter

N = number of blades

R = number of rotations per minute.

The rctation (R) values were not known for all hellcupters in the

sample. However, it was known that the maximum velocity of the rotor

tips, 11DR, for all helicopters have nearly the same value. Area swept

per minute was thus rewritten as:

A =IR D)()

and finally to the approximation:

A KDN

where K is a constant and the other variables are defined as above.
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The product variable, rotor diameter times number of blades (DN),

was used as a prozy for area swept by the rotor per minute. The constant

H) is imbedded in the derived regression coefficient attached to the

product term.

COST MODEL CONSIDERATIONS

A cost model can be defined as a set of relationships that operate

on basic cost and quantity inputs and produce results expressed in terms

of selected cost outputs. Every model has two essential functions -

calculation and summarization. That is, in addition to generating numbers,

a model also provides the framework for bringing together related results

under "aggregate" output elements, thus facilitating subsequent a.aalyses.

Cost models are of two broad types: manual (as in the DepotMAIDS

studies) and automated (as in the CS studies). The relative attractive-
3

ness of an automated vs a manual model depends on numerous factors such

as the number of basic inputs, the complexity of calculations, the number

of system alternatives, and the proposed uncertainty analyses. A model,

whether manual or automated, must include all pertinent cost elements

and variables, must uniquely identify each element and variable, and must

establish the operations necessary for calculations.

Planning

Cost model planning must begin early in the economic analysis effort.

Indeed, without engaging in some preliminary planning directed to the cost

(or cost/benefit) model it is difficult to see how any purposive large-

scale data gathering activities could be propexly initiated. Detailed

specifications are not required but the analyst must outline the types

of costs to be reported (the chart of accounts), how the costs might be

estimated (potential variables and estimating methods), and what factors

are likely candidates for uncertainty analysis.

Development

It Is difficult to distinguish between model planning and the early

stages of model development. During the development phase the analyst

continues the process of planning, but becomes increasingly specific

about the cost elements to include in zhe model and the underlying
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equations. Flexibility should be maintained in the early stages to per-

mit incorporations of new study guidance or to adapt to available data.

In analyses involving an automated model, programing should begin when

it is judged that the model has sufficient permanence to make major re-

work unlikely.

Chart of Accounts. The cost model chart of accounts displays the

breakdown of total system costs. For many analyses the traditional life

cycle cost categories will serv; as the first level breakdown. AR 37-137

prescribes a time-phased display of total system costs distributed in

accordance with these categories:. The cost categories by themselves

are ordinarily too aggregative for punposes of computation and presenta-

tion. Therefore, a cost model chart of accounts will ordinarily contain

one or more tiers of component cost elements for each cost category.

Life Cycle Framework. Life cycle costing has gained its wide ac-

ceptance because it provides a useful, comprehensive, and logical frame-

work for developing and presenting costs. In this regard it should be
30noted that one cost-effectiveness study ultimately accepted and used

the life cycle cost structure following original doubts concerning its

usefulness. The study rejected alternative structures which were based

on system cffectivenesa attributes (dependability, availability, etc.)

ax'a type of cost calculation (cost-to-men, cost-to-performance-

characteristic, etc.). The study concluded that "in light of the

earlier trials at recategorizing cost elements, it appeared that the

traditional (life cycle] categories were fairly good after all and

should not be thrown out."

The life cycle framework is useful for two primary reasons. First,

it distinguishes broad areas of cost that tend to differ with respect

to time of realization. Figure 4 depicts the relationship between cost

category and time. The framework is also useful because by and large

the crucial determinants of cost differ for the three categories..

Figure 5, with considerable oversimplification, illustrates this point.

3OCheryle C. Smith et al, "Cost Effectiveness Methodology,"
TR-68-119: Part I, "Guidelines for System Life-Cycle Costing," TRW
Systems Group, Jul 68.
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Categories and Elements. R&D costs will not be pertinent in some

analyses, and therefore the cost categories can be condensed to those

of investment and operating. Analyses will have at least one alternative

that involves investment, and alternatives in all analyses will give

rise to operating costs.

Beyond the cost category level there is little standardization in

the cbart of accounts. Instead, the particular accounts are drafted to

suit the characteristics of the system, the purpose of the study, and

the nature of the available data. Figure 6 portrays an abbreviated chart
of accounts. Although the figure is hypothetical, the cost element hier-

archy shown might serve as part of the structure for an aircraft system

or missile system cost model.

In general, there will be more calculations performed than there

are cost categories and elements. The lowest level cost elements in

Fig. 6 have been placed in broken lines to suggest that althougi major

repair and overhaul costs might be calculated separately for parts and

labor, only the grand total needs to be reported.

Cost Element Construction. The particulars of cost element con-

struction are beyond the scope of this manual. Four guidelines, however,

should be observed in selepting cost elements. These are discussed below.

First, all elements must be conceptually correct. That is, they

must be relevant to a decision regarding choice among alternatives.

Sunk costs must be excluded and all appropriate inputed costs for using

existing assets must be included.

Second, the elen ats must be comprehensive and consistent. This

means that all rel' rant costs are to be counted only once. The concept

of cost releve%-.y is vital. In some studies total costs of alternatives

are relevant. In others, perhaps only the differential costs from the

base alternative are needed.

Third, the cost elements should be constructed -as far as possible

to parallel expected data information categories. This can lead to a

substantial saving in processing and classifying data. The latest CS

study (see Vol IV) provides an excellent example of adherence to this

guideline. The ADP-oriented cost elements coincide with those in which

costs are reported by ADP activities in accordance with AR 18-3.25
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Finally, the cost elements sh'l±a be ones co-ventionally used in

studies. One of the purposes : the chart of accounts i: to feci.itate
comparisons among cost element totals within individual studies akid be-

*elements such ad pay and allowances, training, equipment maintenace,

and equipent replacement. Cc parisons are hindered by Inclusion of an-

Se1ament such as "Ecosystem costs," a major cost element employed in one

cost model.30

Cost Element Equations. The first step in developing a element

equation involves the identification of the basic cost generating: activi-

ties or resources. Special costing considerations must then be taken

* into account. Where an automated cost model is being used, the analyst

must decide whether to incorporatellthe considerations directly into the

cost element equations or to introduce special routines elsewhere in the

* model. Succeeding paragraphs illustrate how the considerations of inher-

itance, discounting, and time-phasing might be introduced into hypothet-

ical cost element equations.

Inheritance. The availability of inherited assets reduces the

amount of new purchases required for a system. Equation (1) provides

gross procurement costa, while Eq (la) provides for costs exclusive

of inheritance.

Item A Item A unit cost x quantity of A per (i)
procurement cost system x number of systems

Item A Item A unit cost x [(quantity of A per
procuremnt cost - system x number of systems) - quantity

of A on-hand 3

The mathematics of Eq (la) assumes no costs of refurbishment for the

inherited assets. This assumption could be altered by the inclusion

of a factor for refurbisiment.

Discounting. Discounting is a technique for converting costs

expected to be incurred at different periods to equivalent present

value costs. This is done by adjusting the future cost (or benefit)

for year and interest rate considerations. A standard rate of 10 per-

cent is prescribed in AR 37-13 and a table of discount factors appro-

pria.- this rate included for each year from one to twenty-five.
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Equations (2) and (2a) exemplify the difference between calculation

of undiscounted and discounted costs.

Annual pay and Number of system mil.Ltary personnel (2)
allowances per system x average military pay and allowances

Pay and allowances per Number of system military persc-nel
system in year N x average military pay and allowances (2a)

X discount factor for year N

The discount factors published in AR 37-13 are based on averages c'

factors contained in standard present value tables. In particular, the

rate for year N is equal to the simple arithmetic average of standard

table values for year N - I and N. The averaging converts costs to a

uniform stream over the year.

Time-phasing. The system objective quantity is generally reached

over a period of time. During the period of buildup, total recurring

costs will grow. This is because recurring costs are a function of the

average number of systems in operation during the year. A less predict-

able pattern will be followed by one-time costs since these depend Qn

the number of additional systems added during a year. Equations (3) and

(3a) show the difference between a stable recurring cost and one that

varies over time.

Annual supplies cost Annual supplies cost per system (3)
(all systems) x number of systems

Supplies cost (all Annual supplies cost per system
systems operating in = .5 X (no. of systems at end of (3a)

\ year N) year N + no. of systems at end

of year N - 1)

The mathematics of equation (3a) provides costs as if system

quantities were being added uniformly over a year. Where only system

end year quantities are available, this is the simplest adequate form-

ulation. The formulation may be used also in other applications because

of its simplicity and approximate correctness.

Checkout

The calculation of the basic cost (and benefit) results is the most

straightforward and mechanical part of economic analysis. Before the

actual calculations begin, the set of equations, i.e., the model, should
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be checked with a test case. This should be done for a manual model as

well as for an automated model.

It is usually good practice ,. follow the test case with one or more

live data sets to analyze the rekulta for reasonableness. This procedure

may result in discoveries of errors marae earlier in devel .rlng cost

factors, for example, failing to note that the basic data were quoted in

thousands of dollars rather than dollars.

Where possible, the calculations underlying the study should be

double checked. Accuracy is one concern. Another is the tendency of

many readers to discount the credibility of the entire analysis on the

basis of mathematical errors, even when the errors are not large enough

to change the essential study results.

Errors of calculation are difficult to eliminate completely when

using a manual model. The problem is made more acute where uncertainty

analyses are involved, since several iterations may be necessary. When

using an automated model for which the basic logic has been verified,

errors of calculation reduce to errors of input. This is one of the

advantages of a computerized model; errors can usually be detected by

inspection of input listings.

Model Documentation

Any model used in an economic analysis must be set forth and eyplained

sufficiently to -ermit tracing of operations from input to output. Word

equations may suffice for manual models. Fo' an example case see the

DepotMAIDS case study in Vol IV.

If an automated model is utilized, it is recommended that a listing

of the calculation portions of the program be provided. A variable dic-

tionary containing definitions of the included variables should accompany

the listing. None of the CS studies provided any documentation of the
3type described above, and this led to considerable problems when attempt-

ing to track costs from one study to another (see CS case stud3 in Vol IV).
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4 BENEFIT*

INTRODUCTION

The objective of this section is to discuss the bisic considera-'

tions required to present decision makers with an orderly, comprehensive

and meaningful display of all benefits expected for each alterrative

within the scope of the economic analysis under consideration. The

benefits of each alternative should be expressed so that the decision

maker is able to systematically compare the various alternatives of the

economic analysis. Benefit in the context of this handbook is used as

the overall term for returns (output, products, services, yields, worth).

The consistency and relevance of the benefits available must be

carefully examined. An existing measure with which management is

familiar has certain advantages in regard to ready acceptance as a

benchmark, but it may not be relevant throughout the entire range of the

study. The analyst should be as cautious both in acrepting a benefit

measure just because it's there and in introducing a new untried one that

accommodates only an aspect of his study. The output information effort

under Mn Instruction 7O45.11'31 and DOD Directive 5010.1532 should be

studied.

*With some modification, this section was derived from the 2nd
Edition of the LOD Economic Analysis Handbook.1

31Dept of Defense, "Improvement and Use of Output Information in
the Department of Defease Programming, Planning, and Budgeting System,"

* ODI 70W45.11, 17 Dec 1970.

3Dept of Defense,"Defense Integrated Management Engineering
System," DODD501O.15, 13 Jan 1972.
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General aids in the pursuit of benefit measures are the following:

1. Use a systematic procedure to establish returns in order to

minimize strictly subjective judgment.

2. Discover and record all the benefits, whether or not quantifiable,

relevant for each of the alternatives developed in Item 2 of "The

Process."

3. Express, if possible, the returns of each alternative in terms

of a common denomin3,or or a s',cre.

4. Arrange returns according to some hierrarchy of values if a

common denominator is not available.

The remaining pert -f this section will outline how to determine the

benefits of an option or alternative under consideration in an economnic

analysis. Given the state of the art, the following overall methodo-

logical steps will be used to guide the analyst:

Step I - Determine, list and define relevant benefits.

Step II - Establish sources of information for benefit determina-

tion.

Step III - Collect and display information for benefit determina-

tion.

Step IV - Summarize, evaluate and present benefit determination

for alternatives of the economic analysis.

PROCEDURES

Step 1 - Determine and Define the Benefits Relevant for Each of the
Alternatives of the Economic Analysis

1. Determine and list the benefits of each alternative-whether

the benefit is thought to be potentially quantifiable or not quantifiable.

List all benefits which may illuminate the economic analysis alternatives.

It is quite possible that some of the benefits listed in this first

attempt will eventually be discarded and others becoming evident further

in the analysis will be added to the list. For instance, if one method

causes ten items to be produced and only two are needed, the greater

productive capacity of this system may not be a plus factor. Other con-

siderations may arise such as the availability of storage space, the

cost of storage, obsolescence, etc.
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2. Defin: each benefi in relation to its respective alternative

in the economic analysis. Ii is to be noted that any point in the

Benefit Determination Proced Ire, new or previously unrecoganized evidence

may require a reassessment othe benefits listed up to that point.

During this process consideration should be given to the level of

decision of the economic analysis. For example, assume that in a five-

man warehouse at an installation, spare parts are stored on seven shelves

and it has been proposed that decreasing the layers of vertical shelving.

will obtain greater warehouse efficiency. Instead of having seven shelves,

the items will be stored on five shelves so that all items will be

accessible without using ladders (ladder is now used when pulling

material from the two top shelves). In this case, the decision could

be made by the local operating official and external benefits related

to economic effects on the community (if any) would not be germane.

However, benefits related to customer service, employee mnorale, safety,

etc., should be considered.

However, if the investment is a large one, such as whether or not

to consolidate field activities or buy special equipment, the decision

,may be made at the Service level (and in some cases, probably, at the

OSD level). In such cases, benefit determination related to the economics

of the community might be one of the determinants for selecting a

particular alternative.

Each situation-must be dealt with within the context of the total

economic analysis under study.

There is no check list available which can be used to ascertain

that all output returns for an alternative of an economic analysis have

been included in the benefit determination, and that all are valid for.

the particular situation. However, in order to assist the analyst in

selecting benefits germane to the study and, hopefully, in excluding

spuriously related and nonsignificant information for the decision maker,

characteristics such as the following could be reviewed when listing

and defining benefits.

Discreteness. Is the benefit clearly and concisely identifiable

from all of the other benefits? Does it overlap with any other measure?

Is it duplicated? Maintain as separate an entity as is possible.
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Quantification. Is "he benefit directly/indirectly measureable

using valid techniques available from the various disciplines used in

analysis? If not, can some method for comparability be used? If quazAti-

fication is not possible, can other techniques such as ranking, etc.,

be used for decision purposes? Quantification is by no means essential

for output information to be useful for analytical purposes, although

precision and specificity are needed to the greatest feasible degree.

Discriminative. Is the benefit related to the alternative of the

economic analysis? Is it discriminating in relation to the objective

of the decision maker? Is it spuriously related to the purposes of the

decision and should therefore be excluded?

Also, it might be found that the benefits expected of any alterna-

tive may fall into various "categories" depending on the kind of program,

systems, operation, organization, etc., that has been submitted for

economic analysis. Terminology used for these categories is generally

descriptive of the benefits included. These are not intended as defini-

tive, but as guides to the analyst in the effort to include all benefits

related to an alternative. It also should be cautioned that the list

is not intended to be all inclusive; it is only illustrative of some of

the types of benefit categories that could be applicable depending on

the problem. Some of the categories under which benefits appear are:

1. Production. Number of commodities or items produced for each

alternative. Fbr example, number of meals served, hours flown, compon-

ents manufactured. This could be related to comparable time periods of

the economic analysis (as in productivity).

2. Productivity. (related to staffing benefits) number of items

per manhour, volume output related to manhours.

3. Operating Efficiency. At ioat rate does the system consume

resources to achieve its output? For example, miles per gallon, copies

per kilowatt hour, mean days per shipment.

4. Reliability. This describes the system in terms of its probable

failure rate. Useful measures may be mean-time-between-failure, the

nlmber of service calls per year, percent refusals per warehouse requests.
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5. Accuracy. What is error rate? Measure errors per operating

time period. Number of errors per card punched, errors per hundred

records, errors per 100 items produced, etc.

6. MaintainabilityiControllability. Has adequate human engineering

been performed? Is the system compatible with adequately trained crew

members? When the system does fail, is it difficult to repair because of

poor accessability? A useful measure could be based on the average man-

hours necessary for repairs over a given time period, i.e., downtime, or

the crew rate necessary to control and maintain the system.

7. Manageability. Consider how the workload of the organization

will be affected by incre, fse or, decreased supervision or inspection time

as a result of the system. Man-days could be used as a measure; difference

in kind of personnel might be a factor as well as availability of type

needed.

8. Integrability. Consider how the workload and product of the

organization will be affected by the changes necessitated in modification

of existing facilities or equipment, technical data requirements, initial

personnel training, warehouse space for raw goods or parts storage, etc.

9. Availability. When can each system be delivered/implemented;

when is it needed to meet proposed output schedules? What is the lead

time for spare parts delivery?

10. Service Life. Consider how long the proposed system 1ill affect

the organization's workload or output. What about obsolescence

11. Quality. Will a better quality product/service be obt ined?

Could quality be graded, thus measurable? If not, a descriptio , of

improvement could be given. What is the impact of the varied q ality?

12. Acceptability. Consider the alternative in terms of whether it

may interfere with the operation of parallel organizations or the opera-

tion of prerogatives of higher echelon organizations.

13. Ecology. Consider the ecological aspects of each alternative.

What are the current legislative requirements?

14. Economic. Consider employment benefits, DoD small business

obligations, economically depressed area relationships, legislative

requirements.
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15. Morale. Employee morale. This could be measured by an opinion

sample survey.

16. Safety. Number of accidents, hazards involved.

17. Security. Is security built in? Will more precautions be

needed? More guards? Are thefts more likely?

Pertinent benefit categories will become evident &s the analysis of

the alternatives is performed. The benefits will be defined/described

in accordance with the requirements of each alternative under review.

Step 2 - Determine Sources of Information

for Benefits Determination

Separate the Benefits defined in Step 1 into two lists as follows:

List 1. Benefits where Back-up Information is Available.

Benefits for which information in usable form is easily obtainable.

Next to each benefit listed, indicate source of information, in what

form it is available. Also include in general terms the proposed metho-

dology for gathering the needed information and the feasibility of doing

so. Should the analyst decide that obtaining the needed information is

impractical, for whatever reason, he should be able to support his

position. This step applies to benefits which may be quantifiable as

well as for those which are not quantifiable. It is best to obtain the

maximum amount of information in estimating parameters. However, this

may not always be feasible.

For example, if in Step 1 "Production of an Item" is listed, the

data available should be checked. to see if there are weeks, years, etc.,

of production records with data which could be used for actual production

and estimating purposes when valid statistical or other analytical tech-

niques are used. If the immediate organization does not have such

information, is it available for a comparable organization? Is prototype

data available, etc. The statistician, mathematician, industrial

engineer, etc. will be helpful in determining whether there are techni-

ques available in the relevant disciplines that can be applied to sub-

stantive information in order to obtain the benefit determination needed

for the economic analysis. (Applying various techniques to data already

in the system could preclude the cost and time needed to gather addi-

tional data.)
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Pbr benefits not quantifiable by ranking, rating, or related

methods, a list of appropriate available and reliable sources for narra-

tive detail should be compiled.

List 2. Benefits for Which Back-up Information is not Available.

7or the remaining benefits, or those for which no information

sources have been readily identified, the analyst will have to do further

research in order to obtain information on benefits. Additional research

might include activities such as a 100 pnercent survey of relevant data,

a sample survey of less than 100 percent, field trips to visit experts,

visits to specialized libraries, and interviews with public agencies or

private firms. The specific circumstances will decide the process.

Examples of benefits for which information is not readily available

are morale of personnel, safety of an operation, etc. In these instances,

a statistical sampling can be used to produce data fop the system and

these data can be used as benchmark statistics for the related alterna-

tives and for projection purposes. For a weapons system where data may

not be available, a combination of parts of existing systems may serve

the same purpose.

With the completion of Step 2 of this procedure, the analyst should

have:

a. Identified and defined or described the benefits resulting from

each alternative required in the particular economic analysis.

b. Sources of information and/or methods for obtaining the infor-

mation for each benefit.

Step 3 - Collection of Information for Benefit Determination

1. Organize the method for collecting information for each benefit,

collect the applicable data, and record the information for each alterna-

tive of the economic analysis.

2. It must be emphasized that both the subject matter specialist

and the individual knowledgeable in the disciplines concerned with

formulating quantifiable and nonquantifiable outputs for analysis pur-

poses must cooperate if adequate usable benefit determinations are to

be established.
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3. The information collected can be recorded by listing the infor-

mation for each benefit in tabular format which is similar to the dis-

play in Table 2.

After Step 3 has been completed, it is beneficial for the analyst

to review what has been done to see whether benefits should be added/

deleted or whether more relevant yardsticks for the associated benefits

could be designated.

Summary - Evaluation and Presentation of Benefits

In order for benefit determination to be of value for the decision

maker, comparative visibility of che benefits of each alternative is

necessary. A generalized format is presented in Tables 3 and 4. The

exact method of comparison and the tools and techniques to be used must

be left to the analyst in conjunction with the subject matter and pro-

fessional analytical personnel since proper "weighing," quantitative and

nonquantitative comparisons and overall scoring of system dimensions will

vary with different systems, organizations, programs, etc. being studied

in the economic analysis.

Many techniques are available for comparing quantifiable benefits

such as graphic analysis, regression analysis, indexing, decision theory,

marginal analysis, ratios, linear programming, mathematical and economic

statistical modeling. Nonquantifiable benefits may be analyzed by using

nonparametric statistical techniques. A possible technique for weighing

benefits might be a polling technique such as the Delphi method.

Benefits should be arranged in the order of significance of each

benefit to the problem objective. Then, where possible, benefits should

be combined to give a composite score for each alternative. In some

cases, it may be possible to calculate a score for the total alternative

d'rectly if data are in the same units. In any event, such consolidation

will assist in the decision making process since it reduces some of the

detail. For example, in order to measure the benefit of different

warehouse processes, it may be feasible to measure the warehouse's

receiving and storing functions. Since receiving is recorded in line

items and storing in measurement tons, it is possible to combine the two

using a weighted index with respective man-hours for each function as
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weights. Alternative I warehouse benefit would then be equated with

base 100 and variation from this could be on par, better, or worse for

other alternatives depending on the weighted index calculated from the

estimated or actual data.

Another method of composite scoring would be to convert actual out-

put to some common factor such as dollars. In so doing, a portion of

the worth of the combined alternative benefits is impl icitly assigned

to each benefit. For instance, the expected yearly repair cost can be

predicted on the b.is of the mean time-between-failure and average

maintenance downtime for each alternative. In converting to dollars,

care should be taken in the mathematical relationship between the cost

ride of each alternative and the cost conversions on the output/benefit

side of the equation.

The most significant problem in determining overell technical and

logistical competence of a system is deciding upon the proper weights to

be given to the various benefits. When objective inherent weights of

the system, such as relative manhours, dollars, etcs., are not available,

the criteria for weighting should be based on how much each contributes

to the accomplishment of problem requirements, i.e., the economic analysis

problem under consideration.

In situations where it is difficult to project benefits and/or to

compute measures, it is desirable to provide as much useful information

as possible to enable a decision to be made as to which alternative

yields the mst benefits

A composite total worth or value of a system is not eiways possible

by objective quantitative scoring or weighting. The comparison format,

with composites as subtotals of individual benefit statistics, will

allow for appraisal by experts and final review by the decision maker.

/ /
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5 UNCERTAINTY

Uncertainty is present in virtually all decision making activities.

Economic analysis with its emphasis on assessment of alternatives in the

future is an activity with a high degree of uncertainty. Often the costs

and the berefits for different alternatives will differ significantly in

terms of "certainty" of outcome. This is especially likely to be the

case when one of the alternatives is an existing system or project.

Uncertainty is frequently distinguished from risk. The distinction

involves a delineation between subjective and objective probabilities.

Risk prevails in situations where enough is known to permit assign-

ment of objectively determined probabilities to all possible outcomes.

The objective determination can be based either on theoretical considera-.

tions (die tossing or coin flipping experiments qualify) or on substantial

and impartial empirical evidence (the cornerstone of production and ac-

ceptance quality control applications). Uncertainty exists where any

assignment of probabilities is limited to subjective judgment.

The following excerpt distinguishes between risk and uncertainty:33

An example of a risk is a gambler making a bet that
he will draw a red ball from an urn containing 5 red
balls and 10 white balls. The possible outcomes are
known, and the probabilities are 1/3 for a red ball
and 2/3 for a white ball. An example of uncertainty
is making the same bet where the number of red balls
and the number of white balls are unknown. In this
case, all that can be said[objectively] about the
outcome is that a red ball or a white ball will be
drawn.

3 3ARINC Research Corporation, "Guidebook for Systems Analysis/Cost
Effectiveness," Mar 69.
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As Fisher 3 4 has stated, objective probabilities for critical vari-

ables are generally not available to the military systems analyst. Re-

sultant studies (including economic analyses), therefore, overwhelmingly

address situations containing uncertainty rather than risk. The topics

that are discussed in this section are related primarily to uncertainty.

These are:

* Empirical analyses of uncertainty

* Need for analysis

* Approaches to uncertainty

* Documentation

EMPIRICAL ANALYSES OF UNCERTAINTY

A considerable number of studies, most of them produced by the RAND

Corporation, have empirically addressed the problem of uncertainty. The

studies, with the exception of one by Fisk,3 5 have been concerned with

identifying the factors that explain the variance between actual and es-

timated costs. Typically the investigations have been limited to mili-

tary hardware production costs, particularly to those for aircraft and

missiles. The results of three studies and their methodological ap-

proaches will be discussed.
36Fisher. Variations between actual and estimated costs arise partly

because of differences in projected and actual production quantities and

partly because of general price movements since the time of estimate.

Fisher isolates the factors accounting for the variation between actual

and estimated costs. These factors are adjusted for price level and pro-

duction quantity influences and are semTmented into two classes--require-

ments uncertainty and estimating uncertainty. Requirements uncertainty

derives from changes in system performance and physical characteristics

3db. H. Fisher, "Cost Considerations in Systems Analysis," R-490-ASD,

The RAND Corporation, Dec 70.
3 5Donald M. Fisk, "Estimates of Aircraft Characteristics with Some

Implications for Cost Analysis," in Proceedings of the Third Annual De-
partment of Defense Cost Research Symposium, !3-1-4 May 68, Vol I, Tab A.

36 G. H. Fisher, "The Problem of Uncertainty," Chap. VI of J. P. Large
(ed), Conceuts and Procedures of Cost"Aa i, RM-3589-PR, The RAND
Corporation, June 63.
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over the development cycle. Estimiting uncertainty derives from the

fact that the estimating tools ana the data on which they are based are

imperfect.

Fisher utilized several pre-196 0 studies as the raw materials for

his investigation. These studies had shown that on the average actual

costs (or late estimates) might be in the neighborhood of 200 percent

higher than early estimates, even when adjustments had been made for

price level and production quantity changes. The estimates not only

showed considerable dispersion from "actuals" but also displayed a con-

sistent bias. Actuals invariably tended to be greater than estimates.

The basic studies not only recognized the split between require-

ments and estimating uncertainty, but anticipated Fisher's conclusion

that the former overshadowed the latter in explaining the differences

between actual and estimated costs. The earlier studies did this via

qualitative conclusions. Fisherys contribution was that of providing

quantitative measures.

This was done by referring to cost studies that had investigated

fully designed items produced under standardized methods. Requirements

uncertainty for such items would be minimal, and any reported differences

between cost estimates and actuals would primarily represent the results

of estimating errors.

Fisher concluded on the basis of the evidence at hand--briefly

summarized in his study-that it was reasonable to conclude "that

variation in cost estimates attributable purely to cost-estimating

uncertainty might average 20-30 percent." Put another way, the analysis

suggests that on the average requirements uncertainty is three to four

times as great a contributor to cost variation as estimating uncertainty.

Harman and Henrichsen. 37 Harman and Henrichsen proceed from the

observation that actual costs generally tend to be greater than estimates

to an analysis of whether the estimating process itself showed any

improvement from the 1950's to the 1960's. Ratios of actual to estimated

37Alvin J. Harman and Susan Henichsen,. "A Methodology for Cost Factor

Comparison and Prediction," RM-6269-ARPA, the RAD Corporation, Aug 70.
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costs--suitably adjusted for price level and production quantity dif-

ferences--were investigated separately for the two decades via regression

analysis. A measure of program development length and one for develop-

ment effort were employed as explanatory variables in various regression

forms. Fisher's dichotomy between requirements uncertainty and estimating

uncertainty was implicitly taccepted although no attempt was made to

separately measure each part.

The study analysis is too complex to permit a concise summary. One

major result bears repeating, however, because it provides indirect

evidence that Fisher's estimate of an average 200 percent variation between

actual and estimated costs, which was based on major military hardware

production during the 1950's, may still hold. Harman and Henrichsen

report that "none of the structures explored indicates a significant

difference between the 1950s and 1960s in the ability of the 'system

acquisition process' to estimate costs accurately or avoid actual cost

overruns for a given development program."

Fisk.34 Fisk provides the results of an analysis into the

uncertainty of estimates for three technical characteristics of fixed-

wing aircraft. The study consists of three parts. The first shows how

the estimates of maximum speed, gross takeoff weight, and maximum thrust

vary from eventual actuals according to when in the development cycle

the estimates are made. The second part uses technical specifications

for a hypothetical bomber and RAND costing methodology to illustrate

how technical specification errors become translated to costing errors.

The final part discusses some of the broad potential implications

suggested by the limited analysis.

Figure 7 shows a scatter diagram of the percentage errors of speed

estimates against their dates of estimate, date of estimate being

normalized to number of months from initial delivery. Diagram con-

struction can be made clear by reference to the circled observation.

This observation represents a case where a speed estimate "was made 76

months prior to the first delivery of the aircraft. It shows the

estimated speed to be 33% less than the actual. In this particular

instance the speed was estimated at 800 knots and the actual speed was

1195 knots."
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Fig. 7--Estimates of Maximum Speed

Two conclusions can be drawn from Fig. 7. First, estinates of

maximum speed that are made late in the development cycle tend to be con-

siderably more accurate than those made early. This is an important re-

sult, although far from surprising. Second, errors in speed estimates

do not exhibit any strong bias. That is, unlike the case for cost esti-

mates, errors in speed estimates are just about as likely to involve

overestimates as underestimates.

Figure 8 depicts the r-. tionship between estimating accuracy and

time of estimate for gro-s takeoff weight. A trend line very simi'ir to

that shown in Fig. 8 was found to be appropriate also for maximum thrust,

with thrust sho' 1-, slightly more dispersion around the trend than weight.

Estimates of gro6 takeoff weight and maximum thrust show improvement in

accuracy as the time of estimate moves from the early stages of develop-

ment towards the date of first deployment. In this regard the estimates
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for these characteristics parallel those for maximum speed. As can be

seen from Fig. 8, the estimates for weight tend to be biased towards

underestimating. In this regard weight (and thrust) estimates are more

akin to cost than to speed estimates.

PERCENTAGE
DIFFEREN E
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Fig. 8--Estimates of Gross Takeoff Weight

T The central message of Fisk's study, at least from the perspective

of the present handbook, follows:

If input errors are as large as the example of the B(X)
[a hypothetical bomber used for illustration purposes] suggests,
the cost analyst should worry about inputs as well as models
and outputs. The development and use of cost estimating
relationships illustrates this point. Over the past several
years considerable time has been spent analyzing and selecting
relationships of this type. Often excruciating effort has
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been devoted to selecting the variables and relationships
which best explain changes in cos ts. So far as is known no
effort has been devoted to examining the effect of input errors
on errors in costs. An examination of some of the more import-
ant cost estimating relationships used today suggests that
greater errors exist in the inputs than in the estimating

relationships.

NEED FOR ANALYSIS

The reason that uncertainty must be faced directly and analyzed is

that the results of such analysis can impact on the choice among alterna-

tives. It is not enough to present the decision maker with a set of al-

ternatives whose costs and benefits art: based on "most likely" factors

and assumptions. The decision maker needs to be informed about the ro-

bustness of the results. That is, how well the rankings of the alterna-

tives hold up under reasonable changes to factors and assumptions.

As the previous paragraph suggests, the analyst must focus on the

sources of uncertainty that are most likely to have implications on the

ranking of alternatives. A first step is to identify the areas in which
p.

the alternatives differ significantly from one another. Even though a

particular element of cost or benefit may be surrounded with considerable

uncertainty, the analyst may be able to give it low priority when the

element appears to affect all aiternatives to approximately the same

extent.

Requirements uncertainty and estimating uncertainty constitute parts

of the overall problem of uncertainty, but only parts. In addition, time-

phased deployments, operating rates, support considerations and general

political and economic considerations will frequently be important and

should be analyzed. Other areas may be important to a particular study.

The ones cited are intended solely as examples.

Uncertainty analyses car, be very time-consuming. In addition to the

obvious increased calculation load, they create the need for additional

data and require the various results to be compared and interpreted. The

amount of analysis to apply ultimately resolves to judgment on the part

of the analyst. Often the availability or planned development of an auto-

mated cost-benefit model will be an important determinant in the final

judgment.
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APPROACHES TO UNCERTAINTY
Four traditional approaches to the problems of uncertainty are

characterized in this subsection. These constitute the following types

of analysis:

" A fortiori

" Sensitivity

" Contingency

" Statistical uncertainty

A Fortiori Analysis

A fortiori analysis involves deliberate attempts to formulate as-

sumptions that tend to uniformly favor or disfavor a particular alterna-

tive. The rationale is that if the assumptions uniformly favor (dis-

favor) an alternative and the alternative still does not (does) rank

above other alternatives, then any other set of assumptions would only

tend to reduce (enhance) the alternative's relative ranking. When the

a fortiori approach is used, assumptions typically are made in such a

way as to favor thE existing system (status quo).

The a fortiori approach is refreshing in the sense that it appears

to be a tool that is used more frequently in economic analyses than talked

about. Volume IV provides examples of a fortiori analysis conducted on

CS3 and DepotMAIDS. Brief abstracts from the most recent studies of

these systems exhibit appreciation of the basic a fortiori logic:

CS3 -------------"A basic tenet guiding this update has been a
desire to inspire confidence in the decision maker by
enhancing the credibility of the result. For that reason,
every effort has been made to make the most conservative
assumptions. Where a question of fact existed or a
simplification was necessary, the issue was always resolved
in favor of the present (baseline) system."

1 2

DepotMAIDS- ------ "In all cases the most conservative estimates
have been used to compute savings; therefore, the above
savings represent the minimum achievable. " 1 0

Sensitivity Analysis

Sensitivity analysis is used to address the mathematical or quanti-

tative aspects of uncertainty that are associated directly with the

system parameters. It considers factor values under different assumptions
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in order to ascertain the range of impact that chaiges in quantitative

data have on the costs and benefits of each alternative. Although costs

and benefits may turn out to be insensitive to wide variations in certain

factors, slight variations in others may result in highly volatile results.

Sensitivity analysis involves iteration of calculations using dif-

ferent quantitative values for the variables of interest. In one approach

the analysis is initiated by formulating pessimistic, optimistic, and

most likely estimates of values for the selected sensitivity variables.

Calculations are then performed using the most likely set of estimates.

The results constitute a common base for comparing results obtained

from any other combination of estimates. Sensitivity analysis is dis-

cussed in more detail in App B.

Contingency Analysis

Contingency analysis is designed to cope with significant uncertainties

of a qualitative nature much as sensitivity analysis does for those that

are quantitative. Contingency analysis does not attempt to indicate the

effect on study results of alternative values for a limited set of system

parameters. Instead, it addresses the effect on results of various broad

environmental conditions such as peace vs war, decreased (or increased)

size of the Army, continuation of current standards against 'pollution vs

institution of more stringent ones.

Contingency analysis, like sensitivity analysis, is a repetitive

process. A base set of environmental conditions is established, results

calculated, and the effects of changing the conditions assessed by repeating

calculations using new combinations of conditions. Such changes can have

a marked impact on the ranking of alternatives. For example, one alter-

native for a supply system might easily be the preferred alternative in

cost-benefit tt:rms when the system is assumed to support operations at

a low activity level; at higher levels of operation, however, the alter-

native might become relatively unattractive.

There appears to be a natural tendency to assign probabilities to

contingencies so that those of low probability can be ignored or the

effects of several. contingencies weighed and combined into more general

ones. Such assignments art: based ultimately on subjective Judgments.
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Subjective assessments taken on acded credibility to users of a study

when it can be demonstrated that they were derived by orderly and logi-

,cal procedures. For this reason, the Delphi technique described in App

D may prove useful.

As a rule, the analyst should attempt to make firm plans for con-

tingency analysis earlier than for sensitivity analysis. Where the con-

tingencies involve substantially different assumptions of the "real

world," the analysis of these contingencies may approximate the per-

formance of separate studies.

Statistical Uncertainty

CER Statistics. A CER by itself provides only the means for esti-

mating the values of the cost variable given values for one or more ex-

plantory variables. A number of regression-related statistics and asso-

ciated tests of statistics are used to measure how good an estimator the

regression is on an overall basis and how much credence to place on the

empirical values of individual constants. Detailed discussion is pro-

vided in "Regression Analysis" in App C. The present material is based

on Ref 1.4.

The coefficient of determination is a measure of the relative worth

of a CER. The coeificient is a number between 0 and 1 that indicates the

percent of total variation of the dependent variable in the CER sample

that is explained by the CER. Alternatively, the coefficient indicates

the average degree of improvement in estimating the magnitlides of the de-

pendent variable by taking into account the magnitudes of the independeot

or explanatory variable(s).

A CER provides a point estimate of the dependent variable (cost) for

each set of values of the independent variables. While the point estimate

is the best predictor in a statistical sense, it does not provide a

measure of the uncertainty associated with the estimate. Confidence in-

tervals may be constituted which provide a measure of the uncertainty

associated Kiith the point estimate. Figure 9 depicts a 90 percent con-

fidence interval for a two variable regression equation. The confidence

interval provides a range of values of the dependent value which can be

associated with each value of the independent variable. The interpreta-

tion of the range is as follows: "In a large number cf applications, the
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two costs will fall between the ulper level and the lower level in 90

percent of the applications."

Confidence interval

/ upper limit
/ .4

/ . o4 f

S/

. .. '\-O Confidence interval
owe- r limit

* / 1
! '
/ I,,

x

Fig. 9---Ninety Percent Confidence Intervals:
Simple Regression

It is to be noted that the confidence levels have the narrowest

range at Ghe mean of the independent variable (X) and as predictions

are made further from the mean, the level of confidence decreases for an

absolute variation from the CER or alternatively the range or interval

for a given percentage level increases. A 95 percent confidence interval

would encompass a wider range of values than the 90 percent interval, and

as expected, an 80 percent confidence interval would encompass a narrower

range.
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Computer Programs. Several computer programs have been written to

address the problem of system cost uncertainty from a probabilistic view-

point. Most of the models involve estimating the total system cost and

the associated probability through application of Monte Carlo analysis

of component cost estimates. Models developed by Schlenker 38 and

Schaefer 3 9 are representative.

The central features of the cost uncertainty computer models have

been succinctly described by Husic. 4o Each model requires "expression

of input estimates as probability distributions reflecting uncertainty

[and] cost equations pertinent to the particular model." Each model

generates "frequency distributions for cost elements and aggregations

[together with] statistical measures that illustrate the nature and mag-

nitude of the system cost uncertainty."

Few economic analyses will require the use of special computer pro-

grams of the type described above. Discussion has been presented for the

sake of completeness and for the occasional problem that may benefit from

the use of such a program. In this regard it should be noted that the

Schaefer model 39 was adapted and used in a life cycle cost study for the

utility tactical transport aircraft system (UTTAS). The circumstances

surrounding the UTTAS study were ideal for the use of a cost uncertainty

model. A high cost system was being addressed at a time when the system

configuration was far from fixed; in fact, the study preceded approval

of the qualitative materiel requirement.

38George Schlenker, "An Analytical Estimation of System Cost Un-
certainty," Technical Note 67-3, US Army Weapons Command, Sep 67.

39Donald F. Schaefer, et al, "A Monte Carlo Simulation Approach to
Cost Uncertainty Analysis," RAC-TP-349, Research Analysis Corporation,
Mar 69.

49Frank J. Husic, "Cont Uncertainty Analysis," RAC-P-29, Research

Analysis Corporntion, May 68.
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DOCUMENTATION

Regardless of the ingenuity and inventiveness of the analyst in

performing uncertainty analyses, the decision maker cannot profit from

them unless the results are properly communicated. It is not possible

to promulgate fixed standards of documentation. However, general docu-

mentation considerations may be prescribed and these are discussed below.

Addressing the Analyses

The uncertainty analyses must be addressed and the highlights set

forth by some combination of text, table, and graph. The analyses should

never be assumed capable of speaking for themselves. Pages and pages of

computer printouts may contain the essentials of an uncertainty analysis,

but are generally ill-suited to set forth the overall resultA.

Summarizing Results

Most uncertainty analyses should be documented in summary form.

This means that the analyst must highlight the major points and omit most

of the basic details. It is important to address those aspects that do

not have significant impact on costs and benefits as well as those that do.

Showing Complete Results

As indicated earlier in this chapter, a contingency analysis may ap-

proximate a separate study. In such cases the results of all contingen-

cies may be documented to approximately the same extent. The second CS341
econoirac analysis provides examples of this point. In this study costs

of fielding two variations of the CS3 were presented with and without

funding constraints. The constraints in the form of the planned CS3

annual funding programs in the procurement of equipment and missiles,

Armny (PEMA) ap,'ropriation for FY72-FY75 determined the rate at which CS3

ADPE could be purchased.

Text vs Appendix

The more dletuile:] aspects of an uncertainty analysis belong in an

appendix. 7ER documentation should usually be presented in an appendix.

Reference 14 sugrcsts formats for both ,omplete and skeletal documentation

of CERz.

41Office of Lhe Assistant Vice Chief of Staff, Management Information
Systems Directorate, "Combat Service Support System Cost Effectiveness
Study Updnte," Scp 71.



.- 6 COMPARING ALTERNATIVES

PURPOSE

Alternatives are compared and ranked in order to facilitate decision

making. The relative strengths and weaknesses of competing alternatives

can be brought into clearer focus when their costs and benefits are

placed together side by side. It should be realized that this process

can at best identify a preferred alternative among those considered ±n

A/ the analysis. It cannot guarantee that there is not some better alter-

native that has not been analyzed.

ANALYSIS FRAMEWORK

There are three general frameworks for comparing and ranking alter-

natives. These are used for:

* Equal benefit - unequal cost alternatives

• Equal cost - 'alequal benefit alternatives

* Unequal cost - unequal benefit alternatives.

The analyst should be able to discern ,hich framework is appropriate

once he has properly formulated his problem statement. The particular

framework often will have an effect on the way system alternative costs

and benefits are calculated as well as on the way they are brought together.

The framework should not be perceived as something grafted on during the

final stages of a study in ord--r to pull together previously determined

system alternative costs and benefits for fiial comparison.

Equal Benefit - Unequal Cost Alternatives

In the case of equal benefits, the preferred alternative is simply

the least costly alternative. Equal benefit analyses are appropriate

under two circumstances. First, where a given level of effectiveness is
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required and the alternatives can be evaluated in ter% of the costs of

meeting that effectiveness. Second, where the benefits produced by the

alternativez can be assumed to be approximately the rawe. Equality of

benefits is all that is required in this case; the cosmon level of

benefits need not necessarily be measured.

Figure 10 graphically portrays the analysis appropriate for a fixed-

effectiveness problem. The assumed fixed-level requirement is 15 uits

of effectiveness. Alternatives A and B do not measure up to this require-

ment and are thus eliminated as feasible alternatives. Alternatives C

and D. both meet the requirement; however C is the preferred alternative

because it is less costly.

Cost reduction proposals, such as those contained in the DepotMAIDS

case study in Vol IV, together with purchase/lease and make-or-buy studies

are representative of the second type of equal benefit analysis. No

reference is made to a measurable level of benefits in such applications.

Instead, the analysis is implicitly or explicitly conducted under the

assiunption that benefits for the alternatives considered are approximately

the same.

AR 37-13T provides Format A-1 as an optional summary device for

documenting the results of cost reduction proposals. The Format (see

Fig. 11) presupposes a ccmparison between two alternatives, une of which
is always the status quo. It focuses on the cost savings expected to

be realized from implementing the proposed alternative to the status quo.

Alternatively, the format is arranged to identify whether the savings

expected to be realized by changing from present operations justifies

the cost of changing.

* "Equal Cost- Unequal Benefit Alternatives

It may be possible to construct equal cost alternatives so that the

choice among them can be made on the basis of benefits or effectiveness.

This is particularly likely to be the case for force structure analyses.

For example, it might be possible to equate the cost of a number of

field artillery battalions to missile battalions of a given type.

If the effectiveness of the "quivalent" number cf missile battalions

exceeds that for an artillery battalion, the missile battalion would
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Fixed *'fectivienss, 75

100 H-
ID

so ec
6A*Fixed cost, 70

20 I

0 - [
0 20 40 60 80 100

EFFECTIVENESS

Fig. 3fl-Graphic Particyal of Fixed Cost and Ef(ectiveness Levels

AIternotive A a C 0
Cost 60 60 80 90
Effectiveness 50 70 80 80

Fixed-E fecticenn.s Approach:
Assume the reqi.; ed efFectiveress is 75. Of
the four alternotiaes C and 0 meet this require-
ment. Of these C has the lower cost and s
therefore -'eferred.

Fixed.Cost Approach:
Assume the constrained budget level s 0.
Of the fou qlternotiv*s A and 3 meet this
re-juiremelt. Of these B has ?he higher *ff.€-
tiveess end is therefore preferred.
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ECONOMIC A NALYSIS/PROGRM1 M7ALUATION
SUI-ARY OF COSTS FOR

_ RMAT A-1

1. Submitting DOD Component:

2. Date of Submission:_/

3. Project Title:

4. Description of Project Objective:

5a. Present Alternative: 6a. Economic Life:

b. Proposed Alternative: b. Economic Life:

7. 8. Recurring 9. Differ- 10. Dis- 11. Dis-
Project (Operations) Costs ential count counted
Year a. Preseut S. Proposeu Cost Factor Differ-

Alternative Alternative ential
Cost

1. I

2.

3.

5.

12.

TOTALS

Fig. Ii Sample Format A-I
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SUWARY OF COSTS FCR ECONOMIC ANALYSIS/
PROGRAM EVALU1ATION STUDIES

FORNiAT A-i

13. Present Value of New Investment:

a. Land and Buildings ______

b. Equipment _______

c. Othcr (identify nature)

d. Working Capital (Change-plus or minus) ___

14. Total Present Value of New Investment (i.e.,

Fund ing Requirements).

15. Plus: Value of existing assets to be

employed on the project _______

16. Less: Value of existing assets replaced

17. Less: Discounted Terminal Value of new

investment _______

18. Total New Present Value of Investment _______

19. Present Value of Cost Savings from

Operations (Col. 11) _______

20. Plus: Present Value of the Cost of Refur-

bishment or Modification. Eliminated ________

21. Total Present Value of Savings _____ __

22. Sai;.ngs/Investment Ratio

(Line 21 divided by Line 18) _____

23. Rate of Return on Investment

Fig. 11 -Sample Format A-1 (Continued)
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SMOSARY OF CCJTS rOR ECONO.IC ANALYSIS/
PROGRAM EVALUATION STUDIES

FOP.NAT A-1

24. Sourcc/Derivation of Cost Estimates: (Use as much space as

required)

a. Investment Costs:

(Itemize Project Costs)

1.) Changes in Working CapLtal

2.) Net Terminal Value

b. Recurring Cort (Operations):

1.) Personvel

2.) Operating

3.) Overhead Costs

c. Other Considerations:

25.' Name & Title of Principal Action Officer Date

Fig. ii- Sample Format A-I (Continued)
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be the preferred alternative. If not, the artillery battalion would be

the preferred alternative.

A fixed cost le;el constraiut (perhaps budget-induced) may be

appropriate for certain types of analysis. Alternatives tha- do not

exceed the cost constraint are feasible alternatives. The preferred

alternative is simply that feasible alternative having the greatest

effectiveness.

Figure 10 graphically portrays the analysis appropriate for a fixed-

cost problem. The assumed constraint is 75 units of cost. Aiternatives

A and B fall within the constraint and thus are feasible alternatives.

Alternatives C and D exceed the constraint and therefore ae remm-ed from

further zonsideration. Since Alternative 3 has greater effectiveness

than Alternative A it is the preferred alternative.

Format A of AR 37-137 provides a summary device for d"umenting

the costs of an alternative. The format could prove useful for an

application similar to that described in the previous paragraph. A

separate format (see Fig.12) rust be prepared for each alternative con-

sidered in a proposal. The format emphasizes tital life cycle costs-

requiring nonrecurring (R&D and investment) and recui-ring (operations)

costs to be displayed separately and in total for each year in the

study time frame.

Formats A and A-1 provide step-by-step procedures for calculating

standardized elements of cost. The cost formats can be displayed as

summary worksheets (see the DepotMAIPS c'±se study in Vol IV for an

example of the utilization of Format A-l). Format B, the counterpart

for benefits (and effectiveness) is primarily useful as a checklist

rather than as an actual worksheet (see Fig. 13).

Unequal Cost - Unequal Benefit Alternatives

The unequal cost with unequal Lenefits cuse is both the most common

and the most difficult to arrange for comparison. A basic approach is

to order the alternatives from the least to the most ccstlye and rbtow the

extent to which extra benefits are associated with each added increment

of cost. Normally the existing system cr status quo alterriative wil_

provide the baseline.
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SJHMARY OF COSTS FOR ECONOMIC ANALYSIS/
PROGRAM EVALUATION STUDIES

FORMAT A

1. Submitting DOD Component:

2. Date of Submission:_

3. Project Title:

4. Description of Project Objective:

5. Alternative: 6. Economic Life:

8. Program/Project Costs

7. a.Non-Recurring Rcurring c. d. Dis- eDiscounted

Project Annual count Annual
Yar R&D Investment Operations Cost Factur Cost

1.

2.

3.

25.

9.
TOTALS ,,

1Oa. Total Project Cost (discounted)
lOb. Uniform Annual Cost (without terminal value)

11. Less Terminal Value (discounted)
12a. Net Total Project Cost (discounted)
12b. Uniform Annual Cost (with terminal value)

Fig. 12-Sample Format A
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S~lkAY OF COSTS FOR. ECOEMIC ANALYSIS/
PROGRAM EVALUATION SIMIES

FOM4.AT A

13. Source/Derivation of Cost Estimates: (Use as much space as

required)

a. Non-RecurrinfCosrs ,

1.) Research & Development:

2.) Investm~ent :

b. ecurinRCost:

c. Net Terminal lhalue-

d. 9ther Con idral~ionn:

14. Name & ditle of Principal Action Officer Date

Fig. 12-Sample Format A (Continued)
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SIMt4RY OF OUTPUTS FOR ECON)MC ANOLLYSIS
OR PRO(GAM EVAIL1ATION STUDIES

FORM4AT B

1. Submitting DOD Component:_____ _____________

2. Date of Submistion:______________________

3. Project Title:___________________________

4. Description of Project Objective:________________

5. Alternative:___________ 6. Economic Life:______

7. Outputs:

a. Expected Benefits. Output. and Indicators of Effectiveness:

(Describe and justify)

b. Non-Quantifiable Benefits: (Describe and justify)

c. Present Value of Revenues: (Describe and justify)

Fig. 13-Sample Fornazt B



SU*MARY OF OU'TUTS FOR ECONOITIC ANALYSIS
OR. PROCRAII EVALUATION STUDIES

FORMAT B

8. Source/Derivation of Outputs: (use as much space as required)

a. 3enefits, Performance and Indicators of Effectiveness:

b. Non-quantifiable Benefits:

c. Presenz Valltie of Revenues:

9. Name 6 Title of Principal Action Officer Date

Fig. 13-- Sample Forr.nat B (Continued)
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In some cases an apparent unequal cost - unequal benefit problem

can be translated to one where either costs or benefits are equal. The

basis for doing this is the analyst's judgment that the costs or benefits

of all system alternatives are in the same ballpark. The purpose of

doing this is that equal benefit or equal cost problems are more amenable

to analysis and presentation of firm conclusions.

INCORPORATING UNCERTAINTY ANALYSES

Comparisons and rankings must be performed not only for the original

data set but for any other data sets employed in uncertainty analyses.

Graphical approaches such as those outlined in Chap. V of Ref 1 become

particularly useful for portraying the results of such analyses. The

reason is that the economic analysis may more closely approximate

a continuous problem under uncertainty dnsiderations. For example,

if contingency analyses are performed in which fixed benefit or

cost constraints are relaxed it becomes possible to graph costs against

benefits and to denote the ranges over which the various alternatives

are preferred.

Figure 14 depicts the type of diagram that might result from relaxing

cost or benefit constraints. Alternative A in the diagram is the pre-

ferred alternative over the range R, because in this range it achie-4es

a given level of benefits at lover cost than any of the remaining three

alternatives. Similarly, Alternatives B and C respectively are the

preferred alternatives over ranges R2 and R3. Alternative D is always

inferior to at least one alternative over all three ranges.

D A

C

C

Costs

D

AV

Benefits

Fig. l1 ---Graphical Analysis of Preferred Alternatives
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FOFMGJIATING RECOMMENDATIONS

By the time the analysis is over, the analyst generally will have

formed an opinion concerning the "best" alternative. The question is

whether he should fr-mulate a recommendation and insert it in the

analysis or Yhether to refrain from any recommendations and permit

the study results to speak for themselves. Some would argue that

adoption of the first course would represent an unwarranted invasion

into the decision maker's prerogatives. On the other hand, many would

point out that by holding back carefully thought out recommendations

the analyst is failing to provide the decision maker with an important

form of information.

It iA difficult to provide specific guidance concerning formu l-on

of recomendations. Sometimies the tasking order or governing directive

may provide required gui.ance. If not, perhaps the 'best advice is:

"f~ry to discover the decision maker's preference in this area." Certsin

decislon makers will prefer hard and fest recommendations; others will

prefer presentation of results without accompanying recommendations.
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7 STATISTICAL CONCEPTS

INTRODUCTION

A treatment of economic analyses would not be complete without at

least a brief description of some of the statistical concepts which are

integral to the design and implementation of complex analyses. This

section discusses the design of experiments, functional relationhilps,

probability, sampling, statistical distributions, and statistical inference.

DESIGN OF EXPERIMENTS

The term "design of experiments" refers to how research data are

collected and under what :onditions the research is to be conduct'd.

After the decision to conduct an economic analysis is made it is often

the case that the researcher is so anxious to ge-t started he collects

every piece of data in sight before he bqs given thought as to what he

should be collecting and how he should collect it. The purpose of de-

signed experiments is to facilitate proper and adequate collection of

information without wasteful epen'ture of resources. This objective

c=n be achieved only if the analyst proceeds in a careful and systematic

mariner from the outset.

Hicks4 2 outlines the steps which should be followed in the design

of experiments. First, the experiment itself must be clearly defined and

then the design must be defined. The definition of the experiment in-

cludes a precise statement of the problem to be studied, the choice of

dependent variables and independent variables, the range of allowable

2 2Hicks, Charles R., Fundamental Concepts in the Design of Experi-

ments, Holt, Rinehart and Winston, New York, 196 .
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values for the independent variables, and the functional relationships

between the dependent and independent variables. In many instances it

is not possible to clearly define these requirements at the outset.

However, by constructing a preliminary set of conditions for the variables

and the functional relationships, a logical starting point is defined

which facilitates the research and eliminates approaches which are not

feasible.

Tne design of the experiment requires defining the sample sizes to

be taken, defining the ordering of the samples, e.g., fixed or random,

defining the method which will be used to randomize the sample (if any),

and specifying the fcrm of the mathematical model used to describe the

experiment. Mathematical procedures are available for determining optimal------

3a.nple sizes with respect to cost and desired levels of precision.

FUNCTIONAL REIAT7.NSHIPS '
44

A function is a rule that associates with each element in a set X

one or more corresponding elements in the set Y. If Y is a function of

X, then we say that Y is the dependent variable and X is the independent

variable. If only one value of Y is associated with each value of X,

then the function is single vnlued. If t'io or more values of Y are

ossociated with a single 'alue of X, then the function is multi-valu=d.

As stated in the previous subsection, one of the tasks of the experi->

mental design approach is to determine the functional relation between the

dependent and independent variables. Unless prior knowledge exists with

respect to the appropriate form, the researcher must empirically determine

a suitable form which conforms to the historical data.

Regrezsion analysis is one of the most frequently used techniques to

estimate functional relationships in economic analyses. However, before

any regressions should be made the researcher should construct scatter

diagrams to determine a visual picture of the relationships. Very often

13Hart, William L., College Algebra, D. C. Heath nd Company, Boston,

1953.
44 Purcell, Edwin J., Calculus with Analytic Geometry, Appleton-

Century-Crofts, New York, 19 5.
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a scatter diagram will suggest functional relationships which can then

& be tested with the more complex tools of regressions analysis. Scatter

diagrams are discussed in Appendix C.

Some of the functional forms which are frequently encountered in

Army economic analysres are

1. The lnear form

2. The logarithmic form

3. The square root form

14. The reciprocal form

These forms are illustrated in Fig. 15.

Y y

Y =a+bX Y =

Li .near X 
Logarithmic

Y a+bX Y =a+b~

Reciprocal
Squareroot

__________x

Fig. 15--43Iimp~le' ]Functional Relations
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PROBABILITY 45,46,47

The probability of an event is a nwnnber in the interval from 0 to 1

which represents the relative likelihood that the event will occur. The

term "probability" is familiar to almost anyone who has played poker,

bridge, or other chance games. Probability theory is the cornerstone on

which statistical methodology is based, and an understanding of prob-

abilities is necessary to effectively apply statistics to problems of

economic analysis.

The probability of an event occurring refers to the likelihood of

its occurrence. A knowledge of the exact probability of an event does

not guarantee that the decision maker can predict the occurrence of that

event. The probability of an event refers to the relative frequency of

an event in a large number of trials. For example, the probability of

obtaining a head on one flip of a coin is 1/2, but it may take as many

as 5 or 6 flips of the coin before a head is observed. The meaning is

that if one were to flip a coin a large number of times, the percentage

of times a head would be observed would approach 1/2 as the number of

flips becomes very large.

Mathematically, the definition of probability might be cited as
nA

p = lim A

n4 n

where p represents the probability of the occurrence of event A

n represents the total number of trials

nA represents the number of times A occurs in n trials.

Thus, p is read as the probability of an event A and is equal to the

ratio of the namber of times A occurs in n trials when the number of

trials is infinite.

Obviously, to estimate probabilities empirically, one cannot conduct

the experiment an infinite number of times. A finite number has to be

45Bryant, Edward C., Statistical Analysis, McGraw-Hill Book Co.,
New York, 1966.

46
Drake, Alvin W., Fundamentals of Applied Probability Theory,

McGraw-Hill Book Co., New York, 1967.
47Hadley, G., Introdu:tion to Probability and Stafistical Decision

Tjeoa, Holden-Day, San Francisco, 1967.
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selected. How large a number does n have to be to provide a reasonable

estimate of the true probability? The answer depends on the true prob-

ability itself. The rule which applies is that the closer the true

probability is to 1/2 the smaller the sample size required tc estimate

it. For readers who want empirical proof, try flipping a co n 50 times

and try casting one die 50 times. Record the frequencies of heads and

tails on the coin and the frequencies of the numbers 1 thro h 6 on the

die. Then calculate the relative frequencies of each event, e.g., the

number of heads, tails, ones, 'twos, etc. If the experiment s repeated

a number of times, the relati e error of estimating the even s on the

coin wl':r2 thq probability is Il(2 will invariably be less t fn the rela-

tive error of estimating the 4vents on the die where the pro ability is

1/6 for each event.

The probability that event X will occur is written as

p(X) =.probability that event X will occur.

If X is the event that a head appears on one flip of a coin, then

p(X) = 1/2.

If X is the event that a three appears on one cast of a die, then

p(X) = 1/6.

It is important to remember that in applying probability theory to

problems cf economic analysis the actual realization of the outcome is

dependent on repeating the experiment enough times to allow he results

to converge on the true probabilities. Unfortunately, when dealing with

economic problems such as estimatingthe cost of a new aircraft or de-a

signing an attack strategy the number of sample observationslis not very

large and, consequently, the outcome of the experiment may not conform

to the expectations. It is for this reason that extreme care should be

taken when interpreting the results of statistical analyses.

SAMPLIM 48,49,50

Statistical sampling is the process of drawing elements from aI

population in a random manner so that inferences about the p pulation

Cochran, William G., Sampling Techniques, John Wiley & Sons, Inc.,
New York, 1963.
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may be made on the basis of the sample. In statistics the term population

or universe is used to mean the collection of all items or events under

consideration for analysis. For example, the population might be all

items in a shipment of electronic components, or all employees on a

military base. Also, the population may be defined as only a segment of

the shipment of electronic components, or a segment of the employees on

a military base, e.g., all employees over the age of 1'3. The point to

be made is that the population is defined by its end use. If the objec-

tive of the analysis is to determine the characteristics of all employed

members of the base over 40, then the population is defined accordingly.

The objective of sampling is to make inferences about the population

without having to examine every member of the population. A carefully

selected sample enables the researcher to obtain a high degree of pre-

cision in estimating the characteristics of the population at a substan-

tially lower cost. Even if cost and time were not a constraint, in many

instances it is not possible to sample all members of the population

because the members of the population are not readily identifiable or

because sampling causes destruction of the items, such as testing wire

for tensile strength.

The statistical probabilities or inferences which are made on the

basis of the sample are valid only if the sample is randomly selected.

"Randomly selected" means that every member of the population has an

equal probability of being selected in the sample. Clearly, if some

members of the nopulation were significantly more likely to be selected

than others, the results would be biased in favor of those with the

highest probability of selection.

Techniques are available for increasing the precision of a given

sample size and for reducing the cost of a :ivn sample size. Stratifi-

cation is one method of increasing the precision of a sample of a given

Feller, W., An Introduction to Probability Theory and Its
Applications, John Wiley & Sons, New York, 1957.

50Mode, Elmer B., Elements of Statistics, Prentice Hall, Inc.,
Englewood Cliffs, New Jersey, 1961.
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size. Stratification involves segmenting the population into subpopula-

tions of members with similar characteristics and then subsampling the

members of the subpopulations. The total variability of the sample will

be reduced with a corresponding increase in precision.

Cluster sampling is an effective method of reducing the cost of

sampling when the population is spread over a large geographical area.

This type of sqmpl.ing is used frequently by the Department of Conmerc;

in the census surveys. Cluster sampling involves segmenting the popula-

tion into ,eographic segments, then the georraphic segments are randomly

selected from which to draw the sample. In some instances clustering

may reduce precision and, therefore, should not be used unless the cost

of sampling is a major problem.

STATISTICAL DISRIBTIONS 50-51

A s-atisti 7al distribution may be defined as a listing of ali the

vslucs a viriable mny assume and the frequency with which each value

occurs in a -iven number of trials of the experiment.

An example of a frequency distribution for defective pieces of equip-

ment out of 100 shipments of items is given in Table 5.

Table 5

DISTRIBUTION OF NUMBER OF DEFECTIVE PIECES
TN 100 SHIPMENTS OF EQUIBAENT

Number of Shipments with designated
defective pieces number of defects Fraction

0 50 .50

1 20 .20

2 15 .15

38 .08
4 4 .04

5 2 .02

6 1 .01

5 1ncan, Acheson J., Quality Control and Industrial Statistics,
Irwin, Homewood,. Illinois, 1965.
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The graph of this distribution is given in Fig. 16

Frequ ncy

60

50

4o

30

20

• 10
10 Nvmber of

0 j efects per

0 1 2 3 4 5 6 shipment

Fig. 16--Frequency Distribution

It can be seen that the graph also may be used to represent the probability

of obtaining a specified number of defects. For example, the probability

of obtaining a shipment with exactly one defect would be .2.

P(l) - .20

The probability of obtaining a shipment with less than three defects

would be .85.

P(0) + P(l) + P(2) - .50 + .20 + .15

= .85

The probability of obtaining a shipment with at least three defects

would be .15.

P(3) + p(4) + P(5) + P(6) = .08 + .04 + .02 + .01

= .15
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STATISTICAL INFERENCE 4i,46,49

Statistical inference may be defined as the process of drawing

conclusions about a population from a sample taken from that population.

The population is typically characterized by two parameters, the mean and

the variance. The mean is a measure of central tendency which gives the

average value for all members in the population and the variance is a

measure of the dispersion of the values around the average. The square

root of the variance is called the standard deviation. The sample also

is characterized by a mean ard a variance. The mean and the variance of

the sample are U2?d to make inferences about the mean and the variance

of the true population.

The mean of the population is usually symbolized by 4 and the variance
2

is symbolized by a . The formulae for these parameters are

N

1=l

N
where X is the value of the ith element in the population

N is the number of Individuals in the population
N2

a (x
i=l

N
A knowledge of the true mean and variance of the population is sufficient

to calculate the probability of selecting any element from the population

with a random sample. In most applications to economic analyses the true

mean and variance are not known and have to be estimated from the sample

itself.

It can be shown mathematically that the sample mean is an unbiased

estimate of the population mean. This means that the average value of

all possible samples of each size will equal the true population mean.

The sample mean is represented by X and its formula is

n
E xi
i=l
n

where n is the number of elements included in the sample.
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2The sample variance is represented by S and its formula is

2  n 2

n -

The sample variance is also an unbiased statistic.

The use of the sample mean and variance in statistical testing of

hypotheses will be illustrated in Appendix C in the section on Significance

Testing.
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INTRODUCTION

The appendices contain descriptions of sane of the important tech-

niques used to perform economic analyses. The format used to present

the techniques is as follows: Purpose, General Descrip'Gion, Sample

Application, Limitations, and References.

Maximum use has been made of existing DOD and Service publications

in preparing the appendices. Where possible, material from such sources

has been simply reproduced. Commercial publications have been used for

additional background.

Since one of the purposes of the appendices is to alert the reader

to additional sources, attempts have been made to assure that the pub-

lications cited are widely available. Generally, at least two sources

are indicated in each description of a concept or technique and are

annotated where helpful.
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A.1 BREAK-EVEI ANALYSIS

PURPOSE

Break-even analysis is used in commercial. applicition:7 to help in-

vestigate the relations among sales, costs, plant size, and other factors

related to profits. The sales break-even point is defined as the sales

volume necessary for an enterprise to exactly match revenuco and expenses.

The nature of expenses in relation to sales is graphed, the break-even

point determined, and the graph used at other sales volumes tc estimate

profits or losses.

In the military context the focus is generally not on determining

the sales volume necessary to break even. Instead, the purpose of the

analysis is to determine break-even poincs such as the production

quantity that equals the present value cf a required investment or

whether to follow a make-or-buy policy in a given situation.

GENERAL DESCRIPTON

A break-even point separates a production ranige into two sectors-

economic and noneconomic. Depending on the type of analys ,, this point

can be defined as the production qunntlty with i rivinrs/invostment (S/I)

ratio of 1.0, a purchase/production cost raLiO of 1.3, et'.

A brnak-evn analysis tYpically 'isslines lineir returns. Where the

return function is linear throuhout all production quantities, no more

than two quantities with related cost and "revenue" data are needed for

graphing purposes. Figure 17 shows a r-turn function r.-prcsentin the

percent return of savings (or fnrerecne purt-hases) cn investment (or

production costs). The data used in its construction are as follows:
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Annual

Quartity/Day Investment ($) Savings ($) S/I

100 1000 200 .2

200 1000 400 .4

It should be note. that for the return line in Fig. 17 only data on one

of the above producticn cuantities would actually be required. This

results frcm the fact that the line passes through the origin.

The break-even production quantity occurs at the juncture of the

iceturn line and a horizontal line drawm at the return ratio of 1.0-

a production quantity of 500 in Fig. 17. It can be seen that all pro-

duction quantities to the left of 500 have a return r- less than 1.0

and all to the right a ratio greater than 1.0.

1.5

0

,Return line
0 Return ratio 1.0

1.0 ..... eak-even
ipoint

'-4

Non-Economic
pr oduction production

100 200 300 1oo 500 600
Quantity/Day

Fig. 17-Sample Break-Even Chart

SAMPLE APPLICATION

The followirg example is taken frou the Munitions Command (MUCOM)

Economic Analysis Manual1 (pp VII-13 to VT-23).

The manual notes that the type of information provided by break-

even analysis is twofold:
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First, we know what quantity of production is required
before the project becomes worthwhile, economically speaking.
Second, we can estimate the economic potential of proposed
investments at all ranges of production, including, fcr
example, the mobilization level, current production level,
or any production level.

The manuk.1 provides two formulas for mathematically determining

the break-even point. The first formula is applicable to projects that

do not involve an increase in production quantity (Fig. 17, for example).

The second formula.. is used in situirtions. where the proposed project will

increase production quantity.

x= y (1)
KS1

x =(KS2CC -KS1cc) + Y  (2)

KS2

where:

X * break-even quantity expressed in tons per day

K - constant which depends upon economic life (10 years = 6.447)

S1  W savings/ton/year for quantities less than current capacity

S2  = savings/ton/year for quantities greater than current capacity

CC = current capacity, expressed in tons per day

Y - present value of investment

A sample problem involvirg increased plant capacity is described below.'

Let's assume that Plant A is considering replacing its TrT lines

with new lines. Besides increasing operating efficiency, it will also

increase capacity from 400 to 700 tons per day. Mobilization require-

ments are 685 tons per day, but current requirements are 425 tons per

day. The present value of the investment is $i5,000,000. Differential

costs per ton are as follows:
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Present Facility Proposed Facility

First 400 tons:

Personnel $3.06 $ .92
Maintenance 2.72 1.39
Utilities 4.91 2.20
Overhead & Fringe 1.05 .32

Manuf. Overhead 2.37
Total. 03 $.20

401 to 685 tons ..... 7.. .

The cited differential costs per ton form most of the basic infor-

mation required to calculate the expanded facility break-even point

(see Eq 2 for the appropriate calculation). Factors, their values, and

sources are as follows:

Factor Value Source

K 6.447 Value appropriate for uniform
savings over 10-year period at
10 percent discourt rate-
Table B AR 37- 13. 2

CC 4OO Plant A current capacity in
tons per day-part of problem
specification.

S2  ($90.00 - $36.76) x 360 (Difference in savings between
present and proposed facility
per ton for daily tonnage ex-
ceeding 400 tons) x number of
production days per year

SI  ($14.03 - $5.20) x 360 (Difference in savings between
present and proposed facility
per ton for daily tonnage less
than 400 tons) x number of pro-
duction days per year

Y $15,000,000 Present value of investment re-
quired to increase Plant A
production capacity fr(cn 400 to
700 tons per day-Tart of
problem specification.
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The graphical solution to the break-even analysis for the hypothet-

ical plant expansi.on problem is shown rt Fig. 18. The return line was

computed by calculating S/I ratios at three production levels--one less

than current capacity, current capacity, and one greater than current

capacity. The plotting data are as follows:

Production Levels- Tons per Dy

200 400 685

Annual Savings 635,760 $1,271,520 $ 6,T33,944

Savings-lO years
(discounted) 4,098,745 8,197,489  43,413,736

Savinga/inveqtment
ratio .27 .55 2.9

S/I Ratio

3.0

2.5

2.0

1.5 Brt ak-even point

1.0 S/I ratio = 1.0

0.5 -S/T,;
0 .5

I ,

100 200 300 400 500 600 700Tons per Day

Fig. 18--Break-Even Analysis
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LIMITATIONS

The linear return assumption underlying break-even analysis makes

it simple to use but inappropriate for many real problems. Break-even

analysis is most effective when applied to short range problems involving

relatively limited policy alternatives. The technique should be' used

with caution in any economic analysis study that involves extrapolation

over a considerable time period and/or range of production.

CITED REFERENCES

1. Munitions Command, Office of the Comptroller, Cost Analysis Division,
Economic Analysis Manual, Mar 72.

2. Dept of Army, "Economic Analysis of Proposed Army investments,"
AR 37-13, 6 April 73.

OTHER REFERENCES

1. Richard I. Levin and C. A. Kirkpatrick, Quantitative Approaches to
Management, McGraw-Hill Book Co., New York, i(065.
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A.2 DISCOUNTING

fRPOSE

Discounting is one of two techniques used to adjust dollar amounts

occurring in different years to a common base. Discounting adjusts for

the tiie value of money through consideration of an apprcpriate interest

rate. Price indexes adjust for changes in the purchasing power of the

dollar over time, i.e., inflation or deflation.

Discounting permits comparisons of alternative time-phased cash

flows by translating the flows into present day dollar totals. Such a

dollar total is comonly referred to as the present value of the cash

flow. A 10 -Cicent interest rate is required to be used in comauting

the present values of costs and benefits for most Army ecor.omic analyses.

DESCRIPTION

The theory underlying the usc ef discounting is that the productive

uses of money make a dollar today mor3 valuable thar. a dollar in the

futire. One productive use is to loan money and to a,rue interest over

the life of the loan.

At an interest rate of "i" co-pounded annually a loan of P would

grow to a sum of F 1 at the end of one year as follows:

F 1 = P + (Pxi) or factoring,

F = P x (l+i).

The sum P represeats the return of the original principle and P x i

represents the interest earned.
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The future value of $1 for I year at 10 percent interest is then

F= $1 (i+.l)

F1 = $1 (1.1)

F1 = $1.10

Placing a loan for 2 years is equivalent to placirg a loan

for one year and reinvesting the proceeds, provided that reinvestment can

be made at the same rate of interest. Thus,

F2 = F1 (l+i) = P(l+i)(l+i)

F2 = P(+-)
2

F2  $1 (1.1) = $1.21

where F2 is the future value of the ar,,ourt F I after 1 year or the future

value of P after 2 years, In general, Fn, the future v7.lue of P at the

end of n years, can be shown to be

F n .P(l+i) n .

n

For example, at a 10 percent interest rate the future value of $1 at the

end of 5 years is

F5  $1(1.1) 5 = $1(1.61) = $1.61

To evaluate a future dollar in terms of its present value, the above logic

must be rlversed. That is, if F is the ,mount of money spent or received

at the end of the year ri, then its present r-ilue P with respect to interest

rate i is simply

F
P n 

(l+i)n

The present value of a future amount n years fram now is equal

to the future amount, Fn) times the discount factor, i/(l+i)n. For ex-

ample, the present value of $1.61 5 years from now is $1 at a 10 percent

interest rate.

The above calculations assume that cash flows occur at the end of

each year. Since cash flows may also occur throughout the year, the

end-of-year discount factor, 1/(l+i)n, is often replaced by the continuous
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discount factor,

for n 1.
(l+i)n In (l+i)

The continuous discount factor is equivalent to the arithmetic

average of beginning and end of the year discount factors found in stan-

dard end-of-year present value tables. Table 6 contains the continuous

discount factors at 10 percent interest for 25 years. Table 7 is the

cumulative total of the discount factor appearing in Format A. These

tables were extracted from AR 37-13 and prcvide the discont factors for

use in Army economic analyses.

APPLICATION

The following example is taken from the Munitions Comand (MUCaA)
2

Economic Analysis Manual (Section II). The purpose is to demonstrate

the technique of discounting, and while the example is involved only

vith costs, it should be remembered that both receipts and expenditures

can be discounted in an economic analyses. The project cost format

used in this example is standard for Armny investments.

The Golden Star Corporation at Lost Creek, Tinbicktwo, must

do something about the excess oil that it has been dupirn into

Sunflower Lake. Pollution control authorities have given Golden

Star two years to improve its pollution of Sunflower Lake to an

acceptable level.

You have exnlored all alternatives and found t'o avenues

open. They are:

1. Buy a filtration unit from Poor Boy Company at a cost

of $80,000. Since Poor Boy is short on funds, a downpoyment

of $60,000 woule. be required "when the order is placed. The
balance would be paid when the unit !- installncd, approximately

23 months later. The unit is guaranteed to maintain acceptable
emission levels for 10 years. Labor costs to run the unit are
$2,000 per year.

2. The Union Machlnc Company has a patent on a new process

which will aLso maintain acceptable emission levels. This
process can be installed at the beginning of Year 3 and will
be operational for the entire year. The process which will
last five years can be installed in 10 minutes and costi $10,000
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TABLE 61/ .MAIX 7 2/

PRESENT VALUE OF $1 (Single PRESENT VALUE OF $1 (Cumulative
amount - To be used when cash- Uniform Series - To be used
flows accrus in different amounts when -ash-flows accrue in the
e"ch ycar). same amount each year).

Project
Year 10% 10%

1 0.954 0.954
2 0.867 1.821
3 0.788 2.609
4 0.717 3.326
5 0.652 3.977
6 0.592 4.570
7 0.538 5.108
8 0.489 5.597
9 0.445 6.042

10 0.405 6.447
11 0.368 6.815
12 0.334 7.149
13 0.304 7.453
14 0.276 7.729
15 0,251 7.980
16 0.228 8.209
17 0.208 8.416
18 0.189 8.605
19 0.172 8.777
20 0.156 8.933
21 0.i42 9.074
22 0.129 9.203
23 0.117 ^.320
24 0.107 9.427
25 0.097 9.524

1/ Factors are based on continuous compounding of interest at the
stated effective rate per annum, assuming uniform cash flows
throughout stated one-year periods. These factors are equivalent
to an arithmetic average of beginning and end of the year
compound amount factors found in standard present value tables.

/ Table B factors represent the cumulative sum of the factors in
Table A at the end of any given lear.
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installed. Union agreed to sell Golden Star a replacement unit
at the end of five years for $10,000. Union will charge $1,000
for remoal of old uni4 plus the used materlel and parts which
are vvlucd at $2,000. Labor costs using Union's process are
$10,000 per year.

Table 8 compares the actual cash flows and the discounted cash

flows ior the Poor Boy and Union Machine alternatives. It can be seen

that the total costs of the two systems are $100,000 and $121,0,,

respectively, but the total discounted cost or present value costs are

$85,236 and $66,539, respectively. The least costly alternative, the

Union Machine unit, is today more than $18,000 less costly than the

Foor Boy unit even though for the twelve-year period the cash flow to

Union Machine Company will be $20,DOO more than to Poor Boy Company.

It should be noted that a third alternative, ceasing operations,

is available. In this case a more thorough economic analysis would be

required which considers all costs associated with the Golden Star

operation as well as anticipated rrvenues from continued operation.

Only in this way could the Golden Star operations be analyzed in terms

of its profitability.

LIMITATIONS

Discounting is an established method of adjusting cash flows to

take into account the opportunity costs of catpi'al. It "is not a cost

estimating technique in the sense that it makes the figures more valid

or accurate.'"3 Benefit or cost figures that are unreliable before dis-

counting will remain unreliable after discounting.

The 10 percent interest rate established as the standard for dis-

counting in Army economic analyses is intended to represent the returns

that art for(7gone by investing in a public rather than private project.1

The rate is no- intended to incorporate considerations of uncertainty

or of inflation.

123

T m , r ,, ,- ' :: • - u•



I1 NO. C% W i *' n 4

31-1

r

r- 4 OO O r4-40 0,4

A ..(OO .. . -

ddI

il 1 IA, ...: '
I~~. .. .d 4-

,lt ew =
;i ! ~ ~ 4 .4 i6 .4:r-t ......I4

~ I JNq

J lei.~.

124h



CITED REFEMNCES

1. Dept of Arry, "Economic Analysis and Progrsm Evaluation of Resouxce
Management," AR 37-13, Apr 73.

2. Munitions Command, Office of the Comptroller, Cost Ana sis Division9
"Economic Analysis Manual," Mar 72.

3. Dept of Defense, "Economic Analysis Handbook," 2d ed, undated.
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A.3 UNIFORM ANNUAL COSTING *:UOD

PTRPOSE

Uniform annual costing method is an extensicn of the discounting

technique which should be used when alternatives have different project

* lives. It is obtained by dividing the total present value cost by the

sim of the disccunt fsctors for the years in which a. alternative yields

benefits. The alternative with the smallest uniform annual cost is

assumed Lc be the least costly. It is not appropriate to compare the

present value costs of alternatives with different project lives. The

appropriate method is to ccpare the uiniform annual costs.

DESCRIPTION

Using simple cash flow diagrams, the relationships among actual

cost flow, present value cost, and uniform annual cost can be established.

A typical expemditure cash flo; for an investment might look like Fig. 19.

Investment expdnditures are made at the beginning of a project while in

the latter years (2 tirough n) recurring costs are required to maintain

the project while benefits from the proJect are reaized.

0 1 2 3 4 5 6 n-I n
Years

Fig. 19-Actual Cost Flow
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The technique cf discounting allows the cash flowr represented in

Fig. 19 to be represented by one amount in today's money. This amount,

the present value cost, takes into consideration the time value of money

and is prescnted by Fig. 20.

0 1 2 3 4 5 6 n-I n
Years

Fig. 20--Present Value Cost

It is important to note that the cash flows illustrated in Figs. 19

and 20 are equivalent, and there would be complete indifference between

the two cash flows.

The uniform annual cost is calculated by dividing the present value

cost by the stim of the discount factors for the years over which the

project yields benefits. The sum of the discount factors is from year 2

through year n for this example because benefits are not realized until

year 2. Figure 21 represents the uniform annual cost flow. This is the

constant dollar amount that paid annually throughout the beneficial life

of the project would just equal in discounted sum tho present value cost

for the project.

0 1!2 34 5 6 n-la9 Years

Fig. 21--Uniform Annual Cost
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To summarize, the cash flows represented by Figs. 20, 21, and 22

are equivalent and there would be complete indifference in choosing among

the tbh ee.

APPLICATION

The following example has been based on the Munitions Ccranand (MUCOM)

Economic Analysis Manual Section II. It is intended to demonstrate

the proper use oV' uniform annual costs for alternatives with different-

project lives and represents a continuation of the example contained in

the Discounting section of this appendix. The format used to display

pToject costs is the standard format for all DOD investments.

Problem

The Golden Star Corporation has been notified by the Union Machine

Company that Union Machine wll no longer agree to sell Golden Star a

replacement unit at the end of 5 years for $10,000. Moreover, the in-

stalled cost 'of the process at the beginning of Year 3 has risen to

$20,000. Union Machine will guarantee the entire process for 8 years

of operation instead of the orig.nal 5 years.

Analysis

Union Machine's decisions do not affect the economic analysis of

the Poor Boy alternative but they do necessitate the calculation of

uniform annual costs for bcth alternatives (the project lives are no

longer equal). Table 9 shows the Poor Boy alternative cash flow and

the present value cost as before. The uniform annual cost also has been

calculated by dividing the present value cost, $85,236 by 5.328, the

sum of the discount factors for those years in which the Poor Boy unit

would operate (years 3 through 12). The uniform annual cost of $15,998

means that Golden Star Corporation would be indifferent to paying a lumn

sum of $85,236 today for the Poor Boy unit for years 3 through 12 or

paying $15,998 per year for years 3 through 12 for the same unit.

Table 10 shows the revised cash flow and present value cost for the

Union Machine alt-?rnative. The uniform annual cost of $13,h07 was cal-

culated by dividing $62,020 by h.626, the sum of the discount factors

(Col d.) for years 2 through 10. A comparison of uniform annual costs
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Table 9

C"ONOMIC ANAIYRIS.-DJ IM$VZ1 V M'3IkI
SUMMARtY or PROJiCT Com

FORMAT A

1. Sabomttic DeD ( sv:, Golden Star Ca.porstlon

. Dae of Sbmision:- April 71

L Poj*et TWO: SuflfafwI " Lake Follution

L. Dmyripties of Project Obj.wthw: Cl~ D-21126~%vTLTA

L AIPi : Poor Boy Unit " a ;jr.O_ 10 yers

1 L Project Ca.e

Ia L r. 4. a

Pwjet Amenl Diwaw Amwiv
yer IRVUM-1 Operati" Cs Fa

I 6 $57 20
2 20,000 0 20,000 .867 17,30
3 $2,000 2,000 .7W 1,576
11 2,000 2,000 .717 1,434
5 2,000 2,000 .652 1,304
6 2,000 2,000 .592 1,184
7 2,000 2,000 .538 i,o76
8 2,000 2,000 .48-) 978
9 2,000 2,000 .445 8o0
10 2,000 2,000 .405 810
11 2,000 2,000 .368 736
12 2,000 2,000 .334 668

IOTA $80,000 1000 100,000 7.1149 $85,236

18. Toa ProJoet Coat (discrnud) 95,235
It Uinifrem Amanu Cad (w#1hcut termial walve) $15 ,99

IL Lis Tmistal Value (diseounted) -0-

12s. Net Total Pra.ect Coat (diwoumted) $5 ,9v8
1lb Uniform Annual Co6t (vith te-minal vi) $1,90R

I&L Se 'D*rivation of Coat Estimates: (on a mc as r quir)

a.Nerneuwrg CAst.:
1) Re ereh & Devolopmet:
2) Investu'nt: $80,000

b, Rocwizr$. Cost: $20,000
e. Not Termlna' 7alue: -0-

4L Other Csiderabho :

14. Nm and Title of Principal Action Offieer Data
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Table 10

W'MOMIC AXAI.YIS--DOD INVZ3TU4NTS
IUMMARY OF PROJFCT COS

FORHAT A

1. goittI D*l C4'eposa: Golden Star Cornoration

2. D"of Smbmnle: Apri 71

L Poet T i. .. Sunflower Lake Poalution.

4. Decripoi f Prject Objb|ivelr: Clear up Pollution Sunflower Lake

L Altemative: Union Machine . emeomie Ufa: 8 - ears

8.Project Cosa

. e. L L
Nearecurtin T ItTmru Domu"
PoetAxxA~a Diat'nwu AssWa

Year Investment Opmaias C46U Fatter Coat

1 -0- -0- -0- .954 -0-
2 -0- -0- -0- .867 -0-
3 $20,000 $i0,000 $30,000 .788 $23,64C
5 -o- 10,000 10,000 .752 7,170

6 -0- 10,000 10,000 .5?2 5,920
7 -0- 10,000 10,000 .538 5,380
8 $20,000 10,000 10,000 4,89o

9 10,000 10,000 .445 4,450
10 10,000 10,000 .4c5 4,050
11
12

TVOA $20,000 ao.oo $ooooo 6.447 $62,020

10. Total Project Coat (dieontd) 162,020,407
M~b Unif~orm AnnualI Coat (without terminal vhalu)_____

11. LeUs Temlnal Value (discounted)
12a. Net TotaI Project Cost (discoun4t) 57E. 020

llb. Uniform Annual Cost (with terminal vqluoe) W1. 407

I& Soure Derivation of Cos Estimates: C(is as much sp-o as equired)

a. Nonrurring Cots:
1) Rewarch & D~velopmont:
) nmltmant: $20,000

b. Re'urriai Cost: $80,000

e. Net Termirsl Vain*s: -0-

d. Other Cvtnn

4. Name and Titis of Principal Action Oflee Dt
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shows that the Union Machine alternative remains the least-cost alterna-

tive althovgh it must be remembered that Union Machine will operate for

eight years, cppose. to the ten years for the Poor Boy unit. Without

additional facts, it is impossible to evaluate this intangible although

it is possible for either the shorter or longer project to be more advan-

tageous to Golden Star.

LLITATIONS

Uniform annual cost calculations are an extension of discounting

and thus share its limitations (see Discounting in this Appendix).

Moreover the uniform annual cost approach is approved by economic

analysis guidanc only when the economic lives cannot somehow be set

equal:

The economic lives for the alternatives should be set,

whenever possible, so that the alternatives yield benefits for

the same period of time.

If this is not possible, use the uniform annual cost

computation ... to provide a more complete analysis of alternatives

with unequal lives.

CITED REFEENCE2

1. Munitions Command, Office of the Comrtroller, Cost Analysis Division,

"Economic Analysis Manual," March 1972.

2. Dept of Army: ?Economic Analysis and Program Evaluation of Resource

Management," AR 37-13, April 1973.
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B.1 LEARNING CURVE

;-iJiOSE

Learning curves are utilized for data adjustment and for cost esti-

mating purposes. Ideally, the learning curve captures and isolates the

effect of cumulative Production on the recurring cost of item production.

Contract personnel find learning curves based on individual producers

useful in negotiations of follow-on contracts. A cost or economic analyst,

however, is more likely to use the curve across producers and often in

conjunction with a cost estimating relationship (CER).

A learning curve cai be used to normalize cost of items by adjustment

of all items to a common production level. With the disturbing influence

of production quantity removed, a CER can be developed on the basis of

the adjusted costs and item physica-l and performance data. The values of

the CER coefficients would be sensitive to the selected common production

level. A learning curve can be used in conjunction with a CER based on

a given production quantity to estimate costs at other quantities.

DESCRIPTION

The learning curve is an important element in the costing of complex

military hardware, particularly to aircraft and missiles. The basic con-

cept underlying the learning curve is that each doubling of cumulative

production Is accompanied by a constant percentage dccline in cost. Cost

under one formulation represents the cost of a particular unit (e.g., unit

100) and under a second represents the average cumulative cost (e.g., units

1 to 100). !For either formulation the expression of the curve is as

follows:
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by =ax

where y = unit cost
x = cumulative production
a = first unit cost
b = constant equal to or less than 0.

Mathematically, the learning curve is a special type of power

function-one with a nonpositive exponent. Like all power functions,

learning curves will graph as straight lines on log-log graph paper.

Figure 22 renroduces a hypothetical learning curve with a slope of .8.

For this curve the cost at quantity 2X is equal to .8 times the cost at

quantity X, where cost can be either unit or cumulative average. More

generally, for a learning curve with an (S x 100)% slope the cost at

quantity 2X is equal to S times the cost at quantity X.

Special computer programs exist for developing learning curves.

Often, however, they can be suitably fittea through standard regression

techniques or even by visual inspection. For some purposes learning

curves (or at least learning curve slopes) are utilized at assumed values

rather than ones developed directly from empirical data.
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APPLICATION

The Missile Command (MICOM) SCAMP study illustrates how assumed

learning curve slopes can be used to adjust data prior to development of
1

CERs. The objective of the study was to develop CERs for estimating

the cumulative average cost and cumulative average manhours for producing

missile motors. The variL'is motors had been produced in significautly

different quantities. To standardize the motors to a common quantity,

an assumed slope of 95 percent was used with cost and a slope of 90 per-

cent with manhours. Actual costs or manhours for the motors were adjusted

to conform with a production quantity of 1000. Technical characteristics

(motor weight, total impulse, etc.) were then examined for relationship

to costs or manhours and regressions developed accordingly.

The Electronics Command (ECOM) CER Manual illustrates combined use

of CER and learning curve, where both relationships have an empirical

origin. Cost and quantity data were secured for nine frequency modulated

(FM) transceivers. After suitable adjustment of cost data by price indexes

to remove price level changes, a unit learning curve was developed for

each transceiver. The average slope (87%) of the nine curves was computed

and used to normalize the nine transceivers to a production quantity of

10,000. Various CERs were then developed, with the preferred one relating

unit acquisition cost at quautity 10,000 to power output (watts) and

number of channels.

The cost of any future FM transceiver, exclusive of price level

changes, could then be estimated from the derived regression and average

learning curve slope, provided that data could secured on the trans-

ceiver power output and number of channels. Th- regression would permit

estimation of transceiver cost et unit 10,000 (c LOOO ) . The learning

curve exponent always bears a one-to-one corres pndence to slope (see

Asher pp 16-173' and Batchelder pp 96-97 ), the xponent appropriate to

an 87 percent curve being -. 200913. Thus, to secure the learning curve

appropriate to a particular '.ransceiver all that is required is to solve

for first unit cost (a) in the following equation:

CI0,00= a x (10,000)-.200913
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LIMITATIONS

The problems of estimating learning curves are similar to the prob-

lems of estimating CERs. Gener-lly the data are originated by others

for somcwhat different purposes than estimating relationship development,

the items in the sample may be heterogeneous, and the future items whose

cost is to be predicted may differ significantly from those in the sample.

The application of learning curves is relevant to only the recurring

portion of production costs. It measures true learning only when all

one time (or start-up) costs have been removed from total production

costs and the remaining costs converted to constant dollars. Failure to

remove nonrecurring costs and failure to convert to constant dollars

(assuming continuing inflation) have reinforcing effects on the learning

curve slope; both tend to bias the slope upward, i.e., understate learning.

There are factors that can lead to overstatement of learning. Learning

would be overstated, for example, if the procurement history of a multi-

Service item were ignored in favor of that portion going only to Army

customers.

The COA Costing Methodology Handbook provides the following guidanne

on learning curves:
5

The learning curve is constructed and used under
the assumption that there are no significant !.ffects
on labcr productivity from alterations in the condi-
tions of production in the form of the following-
(a) Alterations in the rate of production; (b) Engi-
neering modifications; and, (c) Changes in the level
of technology. The only significant factor affecting
labor productivity has to do with production experi-
ence accumulated (and the increased efficiency this
implies)- It is this set of circumstances which
underlies the use of any learning curve. it must be
recognized, therefore, that when the conditions of
production change, the applicability of the learning
curve may be called into question.
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B.2 PRICE INDEXES

PURPOSE

The purpose of a price index is to increase the comparability of

dollar totals reported over time (or place) by adjusting all costs to a

common year basis. The economic analyst will be faced with the need for

adjustment when attempting to derive cost estimating relati.onships (CERs)

and learning curves; or when simply attempting to appropriately update

past costs and cost factors for direct use. The goal of the analyst is

to place all co.tts in terms of constant dollars, i.e., dollars at the

value of the base year.

An inflation index is designed to change dollars from constant values

to that of the year or years of interest. AR 37-13 recognizes that con-

sideration of possible continuation of inflation into the future can

change the relative attractiveness of alternatives. 1 The regulation

therefore encourages the incorporation of inflation considerations into

economic analyses. The basic analysis must first be completed in terms

of constant dollars.

DESCRIPTION

A price index is a summary indicator of the level of prices for

selected items, commodities, or activities at one time or geographic area

compared to another. The time period or place selected as base is

assigned P.n iniox of 100. Indexes for other periods or places are inter-

preted against the standard of 100 in simple plrcentage terms, i.e.,

indexes of 110 and 90 respectively represent a 10 percent increase and

decrease over the base.
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Index numbers can be constructed by a variety of methods and weigh-

ting schemes. A popular means of constructing a series of indexes over

a period of years is to select one year as base, collect price and quan-

tity data for all items covered by the index for the base ypar, and

collect price data for all items for each year other than the base. The

index for any year (I ) can then be derived as folovs:

inn
wher-e P in = the price of item i i n year n

Qib = the quantity of item i in the base year

Pib ' the price of item i in the base year.

Basic indexes of the type developed by the Department of Labor and

the Department of Commerce are frequently combined with other indexes to

form a composite index, each individual index being weighted by assumed
contribution to price. This practice is particilarly prevalent in mili-

tary applications. Most military applications are concerned wiLh price

indexes over time; however, published indexes are available in AR 415"17

for construction costs by geographic area (Washington, D.C. - 100).2

The basic and composite indexes referred to above rest on an empiri-

cal base, i.e., historical price and quantity data have been used some-

where in index construction. These differ in character from projected

price indexes (inflation indexes) that are intended to extrapolate from

prices or costs in today's dollars to those of some year(s) in the future.

APPLICATION

The construction of a composite price index is illustrated by

reference to a GRC study on ground based surveillance radars. 3 Hypo-

thetical data are employed to illastrate adjustment of cost by a price

index.

The GRC composite index was derived from separate indexes for

(a) nonproduction labor, (b) production labor, (c) metals and metal

produ'cts, and (d) electrical equipment. Each basic index was given an
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equal weight (25%) and composite indexes.-were developed for the years

1956 to 1966 with 1966 as base. An excerpt from the radar composite

index is provided in Table 11.

The derivation of tht? composite index is straightforward. For any

given year each separate index (1966 base) is multiplied by the common

weighting factor of .25 and the individual results added to form the

composite index. Simple adjustments were made to two of the original

separate indexes to convert them from an average 1957-1959 base to a

1966 base. This was accomplished by adjusting the original index for a

given /ear by the index for 1966. As can be seen in the metall and

metal products index, this made the revised index for 1966 equal to 100

(108.3/108.3) and that for 1965 equal to 97.6 (105.7/108.3).
Table 12 shows hypothetical price data by year for three ground

combat surveillance radars. Column 3 shows actual prices and column 4

shows the prices adjusted to 1966 dolsxrs.

The GRC composite indexes for 1965, 1964, and 1959 (with suitable

repositioning of the decimal point) were exployed respectively to adjust

prices to 1966 for radars, A, B, and C as follows:

Radar A price (1966) = $20,000 x .966 = $19,320

Radar B price (1966) = $15,000 x .947 = $14,205

i Ra dar C price (1966) = $1 2,000 x .875 = $10,500

Limitati ns

Pri indexes are based on samp2 _ data and thus have the common

errors ag ociated with sampling. Further, there is the problem of homo-

geneity Of data--a problem present also in CER development. The problem

becomes pa cicularly acute when indexes are developed for years far from

the base period. Over a long period there are significant changes in

quality and an index tends to commingle the effects of quality and price

change.

Military indexes are generally developed from commercial indexes.

Commercial experience does not always parallel military experience.

Hence, developed military indexes may inadequately reflect economic con-

ditions in the military sector. A military price index should never be

confused with an index of cost growth. The price index measures economic

changes. Cost growtb is a result of noneconomic factors as well as economic.
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Table 12

HIPOTHETICAL PRICE RATES

Price $ Price $
Radar type Year off purchase (year of' purchase) (1966)

A 1965 20,00W 19,320

B 1964 15,000 14,205

C 1959 12,000 10,500
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Historical price indexes rest on empirical justification. The pro-

priety of using empirically derived indexes to adjust historical cost

data is universally recognized. On the other hand, considerable contro-

versy exists on the propriety of uising projected indexes t- convert to

future year dollars. Any justification for such projected indexes ulti-

mately rests on the capability to reasonably forecast future economic

conditions.

CITED REFERENCES

1. Dept of Army, "Economic Analys.is and Program Evaluation of Re-
source Management," AR 37-13, 6 April 1963, pp 2-4 to 2-5.

2. Dept of Army, "Empirical Cost Estimates for Military Construc-
tion and Cost Adjustment Factors," AR 415-17, 26 June 1972.

3. General Research Corporation, "Cost Estimating Methods for Ground

Combat Surveillance Radars," April 1968, pp 60-66.

OT1ZR REFERENCES

1. C. A. Batchelder et al, "An Introduction to Equipment Cost
Estimating," RI-6103-SA, The RAND Corporation, December 1970, pp 23-30.

2. Frederick E. Croxton and Dudley J. Cowden, Applied General
Statistics, Prentice-Hall, Inc., New York, 193 ), Chaps 20-21.

3. Larry Guerrero and Gerald W. Kalal, "Historical Inflation Indi-
ces Cost Research Report," AMSWE-CPE 73-9, US Army Weapons Com-and,
May 1973.
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B.3 BENEFIT DETRINATION

PUROSE

An economic analysis always has a cost side and, except for strictly

cost-saving proposals, also has a benefit side. The preferred system

alternative can only be determined by considering both the costs and

benefits of all competing alternatives. The selection of the preferred

alternative is facilitated to the extent that benefits can be expressed

in dollar terms. This places different benefits on a common foting.

The advantages can be appreciated by considering the difficulties that

might arise from having costs expressed in manhours, pounds of materiel,

square footage of real property, etc. rather than in terms of dollars.

The decision maker can evaluate an economic analysis where all bene-
fits have been properly quantified in dollar terms. In most analyses,

however, dollar quantification will not be found feasible for all benefits.

Every attempt should be made to quantify such benefits in terms of mean-

ingful physical or performance measures. Those benefits that defy any

type of quantification must be described narratively. The narrative

descriptions must be clear enough and in sufficient detail to permit

the decision maker to assign judgmental values of worth.

DESCRIPTION

The benefits produced 'y a system represent the return on resources

expended. Benefits can be either direct in the sense that they measure

accomplishment of system objectives or indirect, reflecting, for example,

reduced requirements for resources in related activities. Where possible,

benefits are quantified in terms of dollars, thus permitting direct
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comparison with costs. Certain benefits, however, can be quintified only

* in termz of physical or performpnce measures. Others, such as morale,

may be described only iu verbal terms.

The statement of system objectives provides the point of departure

for benefit determination. The generalized goals included in this state-

ment must be translated into specific,, quantifiable system functions.

A platform for measuring benefits Sf proposed benefits is best achieved

by first listing the output characteristics and any known deficiencies

of the existing system. If certain outputs are commn to all system

alternatives, these can often be excluded from the eco Mic analysis.

Table 13 depicts the process of benefit determination in oversimplified

form. Tt stresses the fact that the steps of identifying and describing

outputs are common to and essential ;arts of any type of benefit deter-

mination.

Table 13

BENEFIT DETEhMINATION

I I~Develop/ apply
Identify Describe Develop/apply workload-related
output I output workload measure l cost factor Type of Benefit

x x Qualitative

x x x Notdollar
quantitative

x x x x Dollar quanti-
tative
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APPLICATION

Combat Service Support S stem (CS3 ) 1

rconomic analyses of the CS3 present system benefits of three general

types---oL.ar quantifiable, nondollar quantifiable, and other (i.e.,

qualitative) benefits. An example of each together with basis of calcu-

lation and/or source is provided below. General description and comments

on the CS3 benefit analyses are provided in the CS3 Case Study (Vol IV).

Dollar-Quantifiable Benefit. One of the purported benefits of the

CS3 supply subsystem over the exist.ng card-processor system was the pro-

vision of expanded editing capability. This additional capability would

allow more extensive editing of supply requisitions. The editing would

reduce the number of erroneous requisitions processed and would effect

dollar savings by eliminating the administrative and processing costs in-

volved in error correction. The factors used in calculating annual

dollar savings (CS 3 over the existing system) with factor source are

provided in Table 14.

Table 14

BENEFITS-MONTHLY IDLLAR SAVINGS

Factor Value Source

Number of requisitions per 47,206 CS3 division-level test data
month

Percent reduction in erroneous 5% Expert opinion (Test Hq, III
requisitions Corps and HQIDA Panel)

Cost to recover from erroneous $4 Expert opinion (Test Hq, III
requisition Corps and HQID Panel)

Monthly dollar savings were estimated from the above f&ctors and

extended to a yearly basis as follows:

47,206 x .05 x $4 x 12 = $113,280 or rounded $113K
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Nondollar-Quantifiable Benefit. The CS3 division-level test resu ts

were used to identify certain benefits of CS3 over the existing syster

that were quantifiable but not capable of being translated into dollar

terms. An example of such a benefit is the capability of the CS3 per-

sonnel and administration (P&A) subsystem to execute a greater workloa

than the existing P&A card-processor system while utilizing 36 r-rcent

less machine time.

Other (Qualitative) Benefit. A p -epared list of nonquantifiable

benefit activities was provided to a HQDA Panel for evaluation rurpose .

The panel decided activity by activity whether CS3 with teleprocessing

performed better than, equally as well as, or poorer than two baseline

alternatives---CS 3 without teleprocessin I and the existing card-processr

system. Stated in the most conservativ4 terms, the panel judged that

for each activity the CS3 with teleprocessing afforded nonquantifiable

benefits at least as great as those from the other two alternatives.

Examples of nonquantifiable benefit activities follow:

a. Insares fund availability prior to submission of requisitions.

b. Produces supply study and performance statistics.

c. Provides weekly data on personnel assets not assigned to

specific units.

d. Lists personnel actions during t4e coming month.

"Cold-Iron" Support 2

A Naval Facilities Engineering Command (NAFAC) study of cold-iron

support (provision of berthing and shore1-based utilities) to ships pro-

vides the classic case of proper use of hondollar benefit analysis and

benefit/cost ratios. The Defense Economic Analysis Council (DEAC) has

reproduced a presentation on the cold-iron support study in its "Benefit/

Output Compendium." Salient points of the presentation follow.

NAVFAC was faced with the task of selecting $28 million worth of

cold-iron support military construction projects from a potential pro-

gram of t150 million for implementation in FY73. On a priori grounds

the potential payoff from cold-iron support investment was concluded to
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derive from three sources:

a. Increase in liberty man days (IX(s), i.e., in the days the crew

can be freed from ship-duty assignment.

b. Savings resulting from lower operating and maintenance costs of

utilities.

c. Decrease in maintenance backlog.

Daring the course of the study it was found that cold-iron support

did little to alleviate problems of accrued maintenance, and maintenance

considerations were dropped from further analysis. Utility cost savings

were treated as offsets to project investment costs, leaving the addi-

tional LI4) generated by the project as the sole benefit measure. The

effectiveness of each project was determined by calculating the cost per

additional LMD, where cost represented the sum of project investment and

the change in total life cycle operating costs. A priority listing of

$28 million worth of projects was selected on the basis of the effective-

ness or benefit/cost ratio. Benefit/cost ratios could be used for this

purpose since the projects did not represent mutually extclusive alternatives.

LIMITATIONS

Benefits must be determined in a comprehensive and consistent manner.

That is, all benefits must be considered and double counting avoided.

No activity should be included under two benefit elements or be reflected

in both benefit and cost. For example, reduced manhours should not be

cited as a benefit for an alternative if th? manhours enter into deter-

mination of system operating costs.

An economic analysis that does not provide full documentation of

benefit calculations falls short of its mission. Full documentation in-

cludes rationale, calculating methodology, and basic data sources. Best

judgment or consensus values should be explicitly identified (as in the

CS3 analysis) so that the decision maker can take this into account.

Dollar quantification should be attempted where logic and data per-

mit. While it may not be possible to attain a complete empirically-

based set of dollar benefits, every effort should be made in this direc-

tion. The analyst should proceed with subjectively determined dollar
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values or factors with extreme caution. Otherwise, the analyst rey be

imposing his "utility function" on the decision maker via the study

results.

CITED REFERENCES
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Approach for the Practitioner," in Benefit/Output in Economic Analysis

in the Department of Defense, Defense Economic Analysis Council, January
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BA AWLOCY COST ESTIMATING

PURPOSE

The analogy costing approach can be used to estimate the costs of
any equipment item provided that tecnnical specifications are avail-
able and that cost and technical specifications can be secured for
a single comparable predecessor. The analogy approach is frequently
used where it is not practicable to secure a laxge sample of past costs
and technical data to generate reliable cost estimating relationships
(CERs) through regression analysis.

Analogy costing provides a quick and inexpensive means of estimat-
ing costs compared to either the industrial engineering or CER approach
(except where off-the-shelf CERa are available). As a result, the
approach is useful for estimating low-cost-system compcnents and for
providiag cost estimates in short-fuzed studies.1 ,2

DESCRIPTION

The distinguishing feature of the analogy approach lies in its heavyreliance on the costs and technical characteristics of a single historical
equipment item. The first and most important step in deriving credible
estimates for a "new" item consists of selecting a Suitable counterpart
"old" item. The second consists of selecting a proper technical charac-
teristic to use as the analogy base.
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The analogy approach typically assumes that cost is proportional to

the magnitude of some technical characteristic; that is, fo' example,

a doubling of weight is assumed to double cost. The following equation

illustrates this case:

cN C0 x WN/WO,

where CN = cost of the new item

CO = cost of the old item

WN = weight of the new item (specification or estimate)

W - weight of the old item.

Variants of the simplified approach illustrated above remove the

proportionality feature either by using empirically derived curves of

cost ratios to technical characteristic ratios (AR 415-173) or by intro-

ducing information on more than one item into the estimate. In both

variants, information on the most comparable item continues to provide

the primary basis for the analogy cost estimate.

APPLICATION

Petroleumi, oils, and Lubricants (POL) Cost Per Mile

This example is taken from a weapons system cost study on the

Austere Mechanized Infantry Combat Vehicle (MICV). POL costs for

the Austere MICV were based on the experience data for the M551

General Sheridan-POL costs of $.0670 per mile. Adjustments were

made to this experience data to account for the fact that the MICV

was scheduled to have an eight cylinder engine, whereas the M551 was

powered by a six cylinder engine. Details of computation have been

reproduced fron the study (p 21) and provided below.

151

9" ! ! I II I I



The following relationship was used to estimate POL cost per mile

for the MICV:

X1= Y1
X2 Y2' ,where

X 1 PL Cost/Mile M551 = $.06jo1

X2  = #Cylinders in M551 Engine = 6

Y1 = Estimated POL Cost/Mile MICV

2 #Cylinders in MICV ngine 8

Eibying the above factors, the ollowing computations result:

$.o670 =Y

6Y, $.5360

Y = $.0893 = Estimated POL Cost/Mile MICV

LIMITATIONS
The limitations of analogy costing can be seen most clearly by con-

trasting the analogy approach to that of parametric costing (costing by

CERs). The succeeding paragraphs from Pef 1 (p 1-2-9) address the rela-

tive dis:tdvantages of the approach vis-a-vis th2 use of CERs developed

through (egression analysis. It should be kept inmind that regression

analysis is possible only where cost and technical data are available on

several related historical items or systems.

The analogy approach invariably involves the relation of cost to

a single explanatory variable. This i- done because no theoretical

basis for determining the simultaneous influence on cost of two or

more explanatory variables by analogy has been put forth. Often cost

can be exp. ,ined better through use of Pore than one variable, and the

more flex. .e CER approach thus has a comparative advantage over that

of analogy.
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The CER approach is a more conservative method of estimating than

the analogy approach in that the former is based on an "average" of

several observations. In the analogy approach a cost estimate is based

only on the experience of a single observatiot.. If the cost of an

earlier system or equipment item reflects unurueol circumstances, an

analogy estimate of a new system or equipment item could be severely

biased.

Another advantage of CERs over the analogy approach is that the

statistics related to a CER give a reviewer some indication of the

merit of the CER. Among the statistic are the coefficient of deter-

mination, standard error of estimate, and confidence intervals.

/
CITED REFERENCES

1. Alfred D. Stament and Carl R. Wilbourn, "Cost Estimating Relation-
ships: A Manual for the Army Materiel Command," RAC-TP-449,
Research Analysis Corporation, May 1972.

Part I, Chap. 2 discusses the classical analogy approach and compares
its relative advantages and disadvantages vs the CER approach.
Appendix F describes a modified analogy approach whereby some of the
advantages of CERs can be incorporated into analogy costing.

2. Dept of Army, Comptroller of the Army, "Costing Methodology Handbook,"
April 1971.

A brief discussion of analogy costing is contained on pp 4-29 to
4-30. The discussion covers both uscs and pitfalls.
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B.5 COST ESTIMATNG REIATIONSHIP

PURPOSE

A CER can be used to estimate the costs of an activity or an equip-

ment item provided that its technical characteristics are available. CERs

can be used to estimate elements of research and development (R&D), non-

recurring and recurring investment, and operating costs. They are gener-

ally best suited for use in recurring investment and operating cost

applications.

Properly developed and applicable CERs are crucial to the estimation

of credible cost estimates for systems in the early stages of development.

Proper development results from the selection of explanatcry variables

that are logically cost-driving, from care in data collection and adjust-

ment, and from adherence to the governing statistical principles. A CER

must contain explanatory variables for which values, or at least officia

specifications, are "knowable" early in order for the CER to be applicab

to developmental systems. For many items weight may be closely associat

with item cost, but may be known with sufficient accuracy only as the item

nears production.

DESCRIPTION

A cost estimating relationship (CER) is a statistically-derived

equation which relates the costs of '.n item or activity to one or more

physical and performance characteristics. A CER is based on empirical

cost and technical characteristics data and is generally derived by

standard regression techniques.

A number of different :-.eression analysis models can be used to

develop CERs. If no particular functional form is suspected by the
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analyst, a simple linear regression model is often used. The equation of

this model is

Y = a + bX

where Y is the dependent (cost) variable and X is the independent (ex-

planatory) variable. Where the data warrants, multiple linear regression

models can be used such as

Y = a + bX 1 + b2 X 2 + ... bnXn

permitting a number (n) of independent variables to enter the predictive

equation. Nonlinear regression models cai also be used. Common examples

are logaritnmic-linear (log-linear) and logarithmic-logarithmic (log-log).

APPLICAT ION

Appendix B of RAC-TP-449 documents several weanon system oriented

CERs.1 For the most part the CERs are products of the Army Materiel Com-

mand (AMC) in-house or contract-supported efforts.2 The CER inventory

also contains CERs developed by or for other Army or Department of Defense

(DOD) elements considered of possible use to AMC. Partial documentation

of a CER developed by the Aviation Systems Command (AVSCOM) in report

TR-C/A 1-68 follows:
3

CER Y = 17.38 + 43.61X
where Y - pounds of POL per flying hour for

JP-4 ur s
X = maximum allowable gross weight in

thousands of pounds

Statistics Sample size = 3 (OH-6A, UH-l, CH-47)
Coefficient of correlation = .994
Range of maximum allowable gross weight 2.4

(OOO) to 33.0 (000) lb

LIMITATIONS

No matter how careful a developer is in properly generating his CER

and related statistics, he is usually at the mercy of the quality of the

data at hand. This is so because the data are not ordinarily originated

by the developer but instead are appropriated from sources often meant

for purposes other than cost estimating. This type of quality limitation

is a result of the integri.ty of the data.
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Another type of qualitative limitation is one that arises when the

sample data have characteristics that differ importantly from items for

which cost estimates are wanted in the future. Technology changes, in

particular, can make developed CERs virtually useless. The technological

advances within the electronics industry Drovide some illustration. Here

there have been successive changes from tubes to transistors and finally

to integrated circuits.

Quantitative limitations of sorts are provided for a CER by its re-

lated statistics such as the coefficient of correlation and standard error

of estimate. Statistics, however, provide only a partial measure of the

range for which the CER is valid. A particular range of values for each

of the independent variables and the dependent variable is inherent in

the developed CER. Although the fitted curve may perform well within

these ranges, little evidence is available to suggest how well it will

perform beyond.

Frequently predictions of cost are wanted for items that lie outside

the sample limits in terms of independent variable measurements. It is

important to realize that such predictions are subject no only to sta-

tistical uncertainty but also to uncertainty about whether the appro-

priate type of curve is being used.

CITED REFERENCES

1. Alfred D. Stament and Carl R. Wilbourn, "Cost Estimating Relation-
ships: A Manual for the Army Materiel Command," RAC-TP-J49, Re-
search Analysis Corporation, May 1972, Parts I and II..

2. US Army Materiel Command, Office of the Comptroller, "CER Compen-
dium--Army Weapon and Equipment Systems," August 1972.

3. Stuart Epstein, "Petroleum, Oil and Lubricants Cost Estimating Re-
lationship," TR-C/A 1-68, US Army Aviation Systems Command, 15 Jan-
uary 1968 (updated 3 July 1968).
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1. C. A. Batchelder, et al, "An Introduction to Equipment Cost Esti-

mating," RM-6103-SA, The RAND Corporation, December 1970, Sections
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B.6 INDUSTRIAL ENGINEERING COST ESTIMATING

* PURPOSE

The industrial engineering cost approach is used primarily to

estimate hardware production costs and involves the consolidation of

separately developed cost estimates formed from detailed analyses of

work processes, material, and item dimensions. The approach is feasible

only when technical data packages and drawings are in hand; it calnot

be used to estimate costs of production for weapon systems in the con-

ceptual stage.
1'2

DESCRIPTION

The industrial engineering approach involves the division of the

production process into component production segments. Each of these

segments is then analyzed in terms of its labor and material require-

ments. This analysis is facilitated by the use of derived or published

engineering standards.

In the engineering approach the direct costs of production are

calculated for each production segment by applying current cost factors

to the estimated labor and material requirements. Typically, overhead

and assembly costs are based on the production segment resource requi.re-

ments and/or estimated costs. Such diverse costs as tool maintenance,

quality control, and manufacturing research in certain applications may

ultimatelb relate back to the basic direct labor estimates.

One aerospace firm is reported to judge that the use of the

industrial engineering approach for airframe cost estimating entails

preparation of some 4500 component estimates. For this reason the

firm avoids its use whenever possible. 3  The use of the approach, even
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where substantially fewer estimates are involved, will always be found

to be more expensive thaa analogy costing and generally more so than

estimating by cost estimating relationships (CEPs).

Industrial engineering cost estimates are based on the specific

production processes and materials, on the particular producer and his

location, and on the production equipment available to produce the items

of equipment. With all this specific information, it seems reasonable

to expect the detailed approach to produce more accurate estimates than

less costly methods (e.g., CERs). The use of the approach generally
1

reduces to an e:xressed or implied presumption ot greater accuracy.

At least one authority disputes this presumption, indicating that the

industrial engineering approach is bound to leave some costs unestimated.
3

APPLICATION

Table 16 illustrates how the direct labor costs for manufacturing

a steel center bracket might be estimated using the industrial engineer-

ing approach. The extent of detailed costing depicted therein for cal-

culating the direct labor costs of a relatively minor production segment

lends support to the assertion that use of the approach for airframe

costing might entail generation of over 4500 separate cost estimates

(see previous section).

Table 15 is reproduced from Ref 3 (p 4) and represents an adaptation

of one originally published in Alford.4 The surrounding text from

Ref 3 (p 2) follows.

Table 15 illustrates the detail required at the lowest level
of estimating; in this case a labor cost estimate for forming a
steel center bracket. The uame and number of the operations and
the machines that will be used are given with estimates of setup
and operating time and labor cost. When they exist, standard
setup and operating costs are used in making estimates, but if
standards have not been established (which is frequently the
case in the aerospace industry), a detailed study is made to
determine the most efficient method of performing each operation.
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Table 15

DWuM UhU ftMZ M FoPuING A STZ rCT r u

Dqp.t- £pe, timt, Ourat LdI oC
mfent Nu.,bor Operatic" toCh.(n 80kre Rate J$ Coft "r souj,~p Mat CZOt r

20 16241 Setup Niagara 46 j 3.40 1.70
20 16081 Shear to lautb Niagara 462 300 3.40 1.11
20 16242 Setup No. 4 $Its* pro" 1 3.40 2.27
20 11571 Perforate OW blank No. 4 bii" press 1100 3.30 3.00
20 16243 Setup No. 4 Slice pam 1 3.40 3.40
20 12951 Form so. 6 S1e pree 450 3.30 7.26

18 14351 Tap Tap wheal t00 3.15 3.47
18 14244 Setup Pitin mill * 3.40 1.70
18 14441 mill @lots Plate mill 100 3.40 34.00
is 15541 file burrs Band file 95 3.40 35.70

07 15245 Setup Speed lathe * 3.40 .S
07 L542 &rr 6 eion

(and w111) Speed lathe G0 3.1 3 5.26
07 16246 Setup Kultiple drill * 3.40 1.70 900 3.15 3.47
07 11941 Countersink 2 holes Mltiple drill
41 16247 Setup Tapping machine * 3.40 1.70
07 1.561 Tap 2 holes Tapping machine 400 2.75 4.88

1t 1151 &l1 nickel plate 1000 3.50 3.50

NUII Thin tabla in adapted from a detailed labor coet estimate published in L. P. hlford &sd Joba It. "ap
("d0.). POdati',i iMokboo. The Sonald Proe" Compsany New Tcak. 1953. p. 104,5.

LIMITATIONS

Industrial engineering cost estimates are time-consuming and expen-

sive relative to costing by analogy or CERs. The industrial engineering

approach also is less flexible than t'-c other two methods in that its

use is limited to items either in or near production.

An engineering cost estimate is constructed by aggregating numerous

detailed estimates. There is always the danger that one or more elements

will be overlooked and hence lead to an underestimate of costs. The

less closely associated the estimator is with the particular production

item, the more likely that elements will be overlooked. This is one

reason that the approach might meet with more success at the corporate

level than in Governmental cost studies.
2

A limitation of the approach relative to costing by CERs is "that

the statistics related to the CER give some indication of the credence

o be placed on tne estimate. Summary figures of merit are more diffi-

cult to generate for the industrial engineering estimabe. The reViewer

of an industrial engineering estimate thus has a much more difficult

job of evaluation than the reviewer of a CER estimate.1
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B.7 SENSITIVITY/CONTINGENCY ANALYSIS

PURPOSE

Cost/berefit analysis is future oriented and as a result it must be

conducted with imperfect information, best guesses, and assumptions that

are not susceptible to complete justification. It is the analyst's task

to assess the major areas of uncertainty, determine those that impact

most heavily on the choice among alternatives, and conduct the appro-

priate sensitivity, contingency, or other types of analysis accordingly.

The basic purpose of sensitivity and contingency analysis is to

inform the decision maker on how the vaRious alternatives measure up to

one another for both the original set of factor values and assumptions

and for reasonable changes thereto.

DESCRIPTION

Sensitivity analys" s and contingency analysis constitute two of

the classical approaches to the protlems of uncertainty. Uncertainty

also can be addressed partly by statistical means and partly by the manner

in which basic assumptions are form ated. Statistical measures are

usuallY associated -with the estimati cn of cost factors or cost estimating

relationships (CERs) and take the form of correlation coefficients and

confidence intervals. A fortiori analysis-generally the adoption of

assumptions uniformly favorable to the existing system where matters of

uncertainty are involved-is used to facilitate a conservative cost/benefit

analysis. If the proposed system alternative appears preferable to the

existing system under such a set of assumptions, any other set would

only reinforce the preference.



Sensitivity analysis provides a guide to the reliability of the

ranking of alternatives by assessing the impact on system alternative

costs and benefits that result from changes in system parameters,

operating rates, basic cost factors, and the like. Sensitivity analysis

addresses the quantitative aspects of uncertainty in that it involves

iteration of calculations using different quantitative values for the

variables of interest.

Contingency analysis addresses elements of uncertainty that cannot

be attributed to variatios in individual factor values. It is qualita-

tive in the sense that it does nct address such factors but instead

involves assessment of major changes in the underlying ground ru.es and

assumptions of the analysis. For example, a contingency analysis might

address the effect on study resulLs of increased civilianization of base

operations activities, passage fram a wartime to a peaceti.me environment,

continuation of existing environmental policies vs institution of more

stringent ones, etc.

APPLICATION

Sensitivity Analysis

Chapter 2 of the DepotMAIDS Case Study documents the use of sensi-

tivity analysis in a real life economic analysis application (see Vol IV).

One of the important determinants of relative cost between an existing

manual and a proposed computer-assisted engine overhaul system was found

to be the diagnostic candidacy rate of field assets, that is, the per-

cent of machine-processable engines forwarded separately from vehicles.

The best estimate was that the future diagnostic candidacy rate would

be 20%; past experience heavily weighted by Vietnam activities suggested

a diagnostic rate of 12.5%. Lowering the candidacy rate from 20% to

12.5% was found to produce a decrease in the savings/investment (S/I)

ratio of less than 0.2.

Chapter 2 of the CS3 Case Study (see Vol IV) exemplifies use of

contingency analysis. In one of the CS3 studies, analysis was made of

the costs of fielding alternative CS3 systems with and without assumption

of budget constraints imposed by the planned CS3 annuatprocurement

funding programs for the FY72-FY75 time frame. These constraints, in
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conjunction with (a) the CS3 implementation schedules and (b) the necessity

to procure the requisite CS3 support equipment (vans, air conditioners,

etc.) frcn contractors, were used to determine the amount of remaining

procurement funds available for purchase of CS3 main frames and periph-

erals. Priority of purchase over lease had been determined on the basis

of a previous purchase/lease analysis.

Removal of the budget constraint assumption and the consequent

shifting from lease to purchase resulted in decreasing the total present

value costs of the CS 3-without-teleprocessing alternative by 2 percent

and of the CS 3-with-teleprocessing alternative by 4 percent. The con-

tingency analysis (loosely referred to in Vol IV as sensitivity analysis)

showed that the preferred teleprocessing alternative became even more so

when budget constraint considerations were dropped.

LIMITATIONS

Sensitivity and contingency analysis provide useful information to'

the extent that they address reasonable alterations in f J, rs and

assumptions. Thus, the common practice of conducting a sensitivity

analysis with a pessimistic, optimistic, and most likely value is com-

vendable, provided that real thought has gone into establishing the two

extreme values. Analyses that track the impact on results of arbitrary

changes in factor values are of more limited usefulness.

Sensitivity and contingency analyses are most useful where they

address considerations that potentially might alter the relative ranking

of system alternatives. Even though a particular factor or assumption

may be surrounded with considerable uncertainty, it may be given low

priority when it is judged that the uncertainty would effect the costs

and/or benefits of all alternatives to roughly the same degree.

The analyst c&n never assume that the results of a sensitivity!

contingency analysis are self-explanatory. Computer printouts should

ordinarily be viewed as the raw material for presenting results rather

than the presentation itself. More important, the ana-yst must never

confuse the conduct of sensitivity/contingency analysis with the more

basic task of generating feasible alternatives for study.

1"3
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C.1 SCATTER DIAGRAM

PUAUOSE

A scatter diagram graphically portrays the relation of one vart.able

(often a cost variable) to that of another (often a physical or perform-

ance characteristic). The scatter diagram assists in selecting visually

the most pertinent form of mathematical relation between tne two vari-

ables and is usually used as a screening device in regression applications.

GENERAL DESCRIPTION

A scatter dic.gram is constructed by plotting the coordinates of

paired observations on grids. Three types of grids can be used-

arithmetic, semilogarithmic, or double logarithmic. Examples and dis-

cussions of simple diagrams constructed on these grids a:-e described

in this section. The sample applications of the following section show

how additional information can be introduced in two-dimensional diagrams.

Equal distances along an arithmetic scale represent equal absolute

/ differences; equal distances along a logarithmic scale represent equal
/

relative differences. Figure 23 shows how the numers 1 to 4 are
related on the t-wo scales.

..~] .... ~L2 If

1 2 3 5 7 910

Fig. 23 -Illustration of Arithmetic and Logarithmic Scales

rithmetic Grid Diagram

Most scatter diagrams are of this type. To prepare such a diagram

the analyst simply plots paired dependent and independent variable

observations in original form on standard graph paper. Diagram A of

Fig. 24 shows the plotting of five paired observations and a free-hand

drawling of a linear relation between the variables. The paired
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observations of the dependent (Y) variable and independent (X) variable

are as follows:

y x
45 40
60 70
35 30
30 20
60 60

Diagrams B to D of Fig. 24 show three additional scatter diagrams

together with their underlying mathematical relations. Ezekiell (Chap. 6)

displays and discusses a variety of two-variable relations including

quadratic and cubic. Analysts should familiarize themselves with the

various forms in order tc make best use of scatter diagrams in regression

applications. With respect to Fig. 24 it should be noted that all

constants in the diagrams hav-e a posi..ve sign. The diagrams were

constructed this way solely to facilitate preparation,

14

60 3
yy

40 2

20
0.0 Linear Power

Diagram A Diagram B

20 40 x 1 0 1 2 x 3 4

60

40.
Y Y 0

20 -t x%

Exone ntl
ExpoetReciprocal

Diagram C Diagram D
I _________ ............. ___

1 3 x

Fig. 24-Sample Scatter Diagrams: Arithmetic Grids
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Semilogarithmic Grid Diagram

Semilog graph paper contains a vertical logarithmic scale and a

horizontal arithmetic scale. Plotting of Y and X observations in

original form on such paper is equivalent to plotting log Y and original

X observations on arithmetic paper. The special paper simply relieves

an analyst from taking logarithms of th dependent variable observations

A scatter diagram that suggests a linear relation under either of the

above plotting approaches perforce suggests an exponential relation

between the variables in original form. Thus, Diagram B of Fig. 25 is

the .temilog counterpart of Diagram C of Fig. 24.

i.,
7277~7l=777 4.**

3 _ ._ ... .. .- -: - . .-- .-- .

4 ~~~~~ .... ..... ....... . ....-.. ... .... .
Y- : : . - .. , I:i .... . .:..;

.. .. . . ... .T .. .. ..... ..-. - 4 . . .
- . -- a - a . .- ...- t .!3- .... ........

.. : ... .. .- :. ..... .I ..... ...
:j ::: " . ... " ::d ' : [i : ' " .'~

4 5 ........... -. . ..

*1 1 -4X

" . ... ... .. . .

Fig. 25--Sample Scatter Diagrams: Double Log and Semilog Grids

Double Logarithmic Grid Diagram

Double log graph paper contains a logarithmic scale on both axes.

Plotting of Y and X observations in original form on such paper is equiva-

lent to plotting the logarithms of the original Y and X observations on

arithmetic paper. The use of special log graph paper can save the analyst

considerable time. A scatter diagram that suggests a linear relation under

either of the above plotting approaches perforce suggests a power relation

between the variables in original form. Thus, Diagram A of Fig. 25 is the

double log counterpart of Diagram B of Fig. 24.
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APPLICATION

Fuel Consumption

Chapter 3 of RAC-TP-45Il presents costs of fuel consumption for

various equipment classes. The early investigations of fuel consumption

were facilitated by the preparation of rough scatter diagrams of fuel

consumption per mile or hour against equipment weight. Separate diagrams

were constructed for trucks, tracked vehicles, and aircraft. Special

symbols were used to plot the observations for differen6 engine types.

Regressions were then run accordingly.

A scatter diagram used In Ref 2 as part of the final documentation

is reproduced as F4g. 26. The figure shows the raw observations of

fuel consumption per mile for tracked vehicles with diesel engines (a)

and with gasoline engines (A). Also the figure shows the regressions

developed from the exhibited data.

6
Y -0.4 +0.111X

rpasoline&

-j

yA

z

2

00

0 20 30 4C 50 60

GROSS WEIGHT, TONS IX)

Fig. 26-Fuel Consumption as a Function of Weight, Tracked Vehicles
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LIP41TATIONS

Scatter diagrams can be helpful in deriving valid regressions pro-

vided that they are tempered by logic. Without the support of logic,

nonsense regressions can result. The problem is that the illogic of

the regression might escape the developer and be used. To avoid this,

the developer must assess the logical relationship between variables

before beginning to plot. At a minimum the developer should have a

supportable opinion on the direction of change (increase or decrease)

in the dependent variable associated with a change in the independent

variable.3
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C.2 REGRESSION ANALYSIS

DEFINITION

Regression analysis is a method, by which functional relationships

between a dependent variable and a set of independent variables are

estimated statistically.

DESCRIPTION

The objective of regression analysis is to estimate from historical

data the straight line that best fits the data. The meaning of the

term "best fit" is derived from the fact that the least squares regres-

sion model determines the line through the set of points that has the

least variation with r'espect to these points. The variation is

measured by the sum of the squares of the vertical difference between

each data point and the line itself. Figure 27 illustrates this

point

y Y=A+BX

x
Fig. 27 ---Deviations Aroi-id the Regression Line
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The vertical lines between the data points and the regression line

represent the deviations. The symbol ^ is used over the Y, A, and B

terms to indicate that the regression line Y and the parameters A and

are estimated from the data.

The regression equation for the simple term variable linear model

is

where A is the estimated Y intercept and B is the estimated slope of

the regression line.

The objective is to estimate values of A and B from actua-L data.

The formulae for estimating A and B are as follows.

n

Vx 2 )

nni=l~i x

n n

Yi - X

i=l i=l

n n

APPLICATION

Suppose we wish to estimate tne relationship between fuel consump-

tion and horsepower of military land vehicles using regression analysis.

First, we hypoth2size that fuel consumption is a functicn of

horsepower and has a linear r tionship which can be represented. by

the line

Y A+BX
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Also, assume that we have collected data on 10 observations Om

similar land vehicles with different horsepowers. The data e

presented in Table 16.

Substituting in the formulae we obtain

(2465) (149)
= 34,48o - l

(2465)2
646,425 - 10

- 2248.5
38,802.5

- .0579

= 149 - (-.0579) 2465

10 10u

S= 14.9 + 14.27

29.172

The estimated equation is

Y = 29,172 - .0579 X

and is given in Figure 2&.

Fuel Consumption (MPG)
y

Y = 29.172 - .0579X

20-

-Forsppower X

iCO 200 300 400

Fig. 28 -Regression Line Fuel Consumption vs Horsepower
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Statistical tests are available for determining whether or not

the estimates of A and B are credible hypotheses for' representing

the true values of the population. In general, the credibility is

dependent upon the varianceof the estimates for A and B. The test

of hypothesis will be the subject of discussion in the next section

on Significance Testing.
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4. Stament, Alfred D., and Carl R. Wilbourn, Cost Estimating
Relationships: A Manual for the Ary Materiel Conand,
RAC-TP-1;49, Research Analysis Corporation, May 1972.

175



C.3 SIGNIFICANCE TESTING

The term -ignificance testing or test of hypothesis is used in

..tatiztic- to mean the process of setting a rule by which an assumption

Ibout the population being sampled is either accepted or rejected.

DESCRIPTION

The assumption about the population is called the null hypothesis

an! is expressed as Ho . For example, if we hypothesize that the true

-eU11 .! of the pcpulation is equal to 10 or less, then the null hypothesis

is written a

110 10

The test of this hypothesis is simply a rule by which the researcher

either accepts or rejects the hypothesis that it is the true value. The

rule is based on the sample statistics which are called test statistics.

For example, the rule might be to reject Ho if the sample mean has a

value larer than 11. The range of values of the sample mean for

which the hypothesis is rejected is called the critical region or the

significance region and is represented by the Greek letter y.

These concepts are Illustrated in Fig. 29.

J,critical region

Fig. 2-Hypothe fical Distribution
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Thus, in our sample if we were to obtain a mean of 11 or larger we

would reject the null hypothesis that the true mean is 10 or less. If

the hypothesis is really true and we reject it, then a Type I error is

committed. If the hypothesis is really false and we accept it, then

a Type II e.ror is committed. The tye I error is represented by the

critical region a.

*, How do we establish the critical region? The critical region is

usually estoblished by stating a level of risk the researcher is willing

to assume. For example, he may say that he is willing to assume a

5% risk that he will reject the hypothesis when in fact, it is true.

Then, the level of risk is trauslated to a value in the same dimensions

as the null hypothesis by making a statement to the effect, "If the true
.2 2

mean is Ho : 1 10 and the true vrziance is a = a at what point

do I reject the hypothesis." In statistical notation this expression

is given as

P(; ? H o . l0,ZP= a2 ) .05

Tables are available for making these conversions.

The steps to be followed in hypothesis testing are:

1. Establish the null hypothesis and an alternative,

e.g., Null Hypothesis Ho : . 10

Alternative Hypothesis Ho : > 10.

2. Select the significance level of the rest,

e.g. a .05.

3. Convert the critical region to dimensions which are consistent

with the null hypothesis,

e.g., a = .05 at 11.

4. Take sample and accept or reject null hypothesis on the basis

of results.

APPLICATION

The example cited in the previous section relatibg fuel consumption

to horsepower, will be used to illustrate the test of hypothesis on

* the regression coefficient B. The slope of the line is given as -.0579
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and we want to test to deter nme if the slope is significantly different

from zero.

The null hypothes13 i;

We state that we are willing to be wrong 5 percent of the time in

rejecting the null hypothesi. when it is in fact true. Thus o = .05.

Next we nave to convert .= 05 to the same dimensiorx as B. This

can be accomplished by using the following formula.

B - tS B : B 5 B + tSB

where B is the regression estimate of B

St is the square root of the variance of B or

the standard deviation of

t is the number of standard normal deviates associated with

or - .05. This value may be obtained from any table listing

the Students' t - Distribution (see References).

The formula for the standar-d deviation of the regression coefficent

B is given by

S

n

where

, n2 n n

i i i=l i=l "

n-2

Substituting the values from Table

• s = /2373 - '436.628 + 1996.39

f.

- 1.685
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Si 1.685

= .000043

t 2.306 from the table of percentage points of Students'

t - Distributlon.

0 - (2.306)(.oc343) . B 0 + (2.306X.0OOO43)

- .0001 B : .0001

Figure 30 ustrAtes the critical regions for this test of hypothesis.

.025 .025

-.0001 B=O .0001

Fig. 30--Hypothetical Critical Regions

The sample value for B = -.0579 lies to the left of the critical

point of -.0001, and therefore the hypothesis is rejented that the slope

is 0. Other tests could have been made such a- is the slope less than

-.03 or is the slope greater than -.I.
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D.1 DECISION LCGIC TABLE

PURPOSE

A decision logic table (DLT) is a device for suzmarIzing sequ#untlal
conlitionp-l relations among classes or events. Th'!se may take a s~imple

form of "if A then B" or a more complex form such as "if A and If B

then C and then D." A DLT provides a method of co~mpacting ordinary

textual presentation into tabular narrative. The tabular foirmat faci-

litates the location of pertinent information.

DESCREPTION

A DLT contains conditions (the if's), actions (the then's)) and

rules, each rule representing a unique combination of condition(s) and

action(s). Although there are basic DLT styles and variants, the con-

struction of any DLT requires:

a. Defining the purpose of the table

b. Identifying the rnlevant (,onditions

c. Listing the actions tc be followed for all sequential

condition patterns.

The previous paragraph is based primarily on material from the Air

Force SA/OR Compendium 1(pp 71-72). Table 17 provides a concrete example

of a DLT.
M'A aa Table 17

T"i.a, DECISION LCGIC TABLE
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Table 17 and supplementary definitions required fnr its proper

interpretation are based on DA PAM 310-112 (pp 2-3). The definitions,
exemplified by references to the samp±e DLT follow:

a. A stub heeder is a letter identifier that bears
a one-to-one correspondence with a narrative condition stub
or action stub. The letter identifier provides a quick and
accurate shorthand reference for either written or oral
communicatlon. In Table 17 B represents "and if pay
experience is" while D represents "then".

b. A condition entry constitutes one of the relevant
alternatives under a condition stub. In Table 17 "question-
able" is the second condition entry under "If credit limit
is".

c. An action entr constitutes one of the relevant
actions under an action stub. In Table 17 "return to sales
department" is the fourth action alternative (some of which
are duplicates) under "then".

d. A rule header is a numeric identifier that bears
a one-to-one correspondence with a uniqtze sequence of
conditions and action(s), i.e., rule. In Table 17
rule 3 is that "if the credit limit is not favorable,
the pay experience not favorable, b,4t special clearance
has been obtained, then the order should be approved."
For patent reasons, use of numbers for rules in place
of narrative descriptions eases communi iation.

APPLICATION

The RAC Cost Factors Manual3 (pp 5-6 to 5-8) describes a standard

Governmental system for the pricing of contractor data. Pricing of

data is comparable to that of hardware in that both may be subject

to analysis, justification of estimate, and negotiation. The manual

describes the system by text and non-DLT table. Table 18 provides an

example of a DLT with comparable information.
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Table 18

DATA COST GROUPS

A B C D
Are costs of

Is data essential Does submitted data producing, hand-
to performance of involve substantial ling and deliv-

Rule contract? rework? ery significant? Then

No Price estimate required

with cost breakdown and

._d-script!on of mth-i.
2 Yes Yes Price estimate required

with cost breakdown and
description of methol.'

3 Yes No Yes Price estimate required
with description of
method.

4 Yes No No No charge to Government.

LIMITATIONS

Decision processes can be described narratively, in DLTs, tree dia-

grams, and flow diagrams. Because of greater familiarity, many readers

may find text or text supplemented by non-DLT tables clearer than DLTs.

The analyst should therefore use DtTs with caution for final documenta-

tion purposes. The paragraph below (Ref 2, p 1) describes narratively

the information provled in Table 17.

If a custo'ner's credit limit is acceptable, then the order
may be approved. If the credit limit is questionable but
the customer's pay experience is favorable, then the
order may be approved. If, on the other hand, the credit
limit is not favorable, the order may be approved only if
a special clearance has been obtained. Lastly, if the
credit limit is not favorable and the pay exp3rience is
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not favorable, and if no special clearance has been
obtained, then the order should be returned to the
sales department.

In certain applications flow diagrams will be found superior to

DLTs. This is especially likely to be the case where feedback capa-

bility exists.

CITE ZU.E=WCES

1. Robert E. Schmaltz, United States Air Force Assistant Chief
of Staff, S'udies and Analysis, "A Compendium of Systems
Analysis/Operations Research Methodology," Vol I, 15 Jul 68.

2. Dept of Army, "The Decision Logic Table Technique,"
PAM 310-11, May 67.

3. Doris C. Berger, John O'Flaherty, and Joseph String, Jr.,
"Selected Uniform Cost Factors: A Manual for the Army
Materiel Command," RAC-TP-51, Research Analysis Corporation,
Jun 72.



D. 2 DELPHI METHOD

PURPOSE

The Delphi method or Delphi technique is a suIbjective scaling tech-

nique that can be used to obtain a concensus from a group of profeL-

sionals or experts on questions which are cloaked in uncertainty and

wihich cannot be directly measured or evaluated. It provides a means

for the nonspecialist to obtain "best opinion" information from a number

of experts who, through controlled information, arrive at a concensus.

DESCRI ?ION a.

Individual experts are asked to respond to questions. Their answers /4

and the reasons for them axe given to all other participating experts who0

are again interrogated. This process of question and requestion--e-fter

being given new, refined feedback--continues until progress toward a con-

sensus appears negligible. Reasons for highly divergent viewpoints are

documented to minimize overlooking any aspects of the question. The

entire Delphi process may take a long period of time to develop the

questions, communicate them to the respondents, get them back, evaluate

the results and go through the cycle again. While normallj used for

larger, policy issues, such as forecasting requirerents for the future,

it also can be applied to more detailed problems. The following examples

describe the technique and its use.

A PPLI CATIONS

Two sample 4pplications are provided which demonstrate the applicability of

the method. The first is a mod-fication of ai examrle from Quade's RAND report
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(Ref 1) which illustrates the detailed technique of a specific problem.

The second example shows a broader and more often used context of appli-

cation.

Example 1

Assume there is a need to derive an estimate -P te overall benefit

that would be derived from zelecting a particular t,-pe of vehicle. For

example, the estimate desired might- be a particular number, N, that would

represent a dollar valuation or savings. The procedure to be followed

would be:

First, each expert is asked to give an independent estimate of N.

The responses would be arranged in order of magnitude and divided into

four equal areas with quartile points Ql, Q, and Q3' with 2 being

the median. The responses might appear az follows (assuming there were

11 participants):
1 2 N3  N4  5  N6  7 8 10,1

N N N N5 .1 N N N

2(1) 23 9 0 1

Second, each respondent is asked to reconsider his previous answer

in view of the QV Q2' , an d q3 values. Those who had answers outside

the q1 or Q3 range, either in the originl response or who have a

revised response outside the range, are asked to state why the answer

should be lower or higher than the majority opinion stated in the first

round.

Third, the results of the second round (normally less dispersed than

the first) are communicated to the experts in the same way, along with

the reasons given for raising or lowering the values. The experts are

asked to review the new answers (with a new interquartile range) and

the arguments for those outside the range, and are given an opportunity

" * to revise their previous estimates. if any respondent's revised estimate

falls outside the second round's range, he is asked to e!xplain his

decision.

Finally, the quartiles of the third round's distribution and the

counterar'nents are given to all the rerpondents and one last revision

solicited. Thc median of round 4 is considered to be the group position

as to what the number should be.
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Example 2

The Delphi techniq.e was applied to the question, "dhat logistics

ui,lts, skills, and material should the peacetime Army contain during the

1975 to 1085 period to perform its initial wartime missions arid also to

provide a base for rapid expansion to meet subsequent support requirements?"

(Ref 5). A series of questionnaires were sent to selected groups of in-

dividuals in two major phases: the first, a trial rum to prove the problem

tnd test the value of the method, arid the second, a full-scale Delphi ex-

periment. The experiment caused a reordering, some revision, and some

substitution of questions which, as a final questionnaire war sent to 31

"experts." These experts had broad backgrounds in military planning with

a mix of tactical, strategic and logistics experience.

After each iteration, responses to questions were compiled, summa-

rized and plotted on a quartile scale. The results (both opinions and

reasons) were made available to all respondents.

It took only 3 iterations to converge on answers to all problems.

The percent change in the median answer from the median of the previous

iteration was found to be 12.6 between the first and second iterations

and 3.3 between the second and third. The mean percent variance around

the median was calculated for the 35 questions to be 78.0 in the first,

48.5 in the second and 5.0 in the third using the mean difference as equal

to I times (3rd quartile value minus the 1st quartile value) divided by

the median value times 100.

Other applications can be made in technological assessment areas such

as the probable affect of the institution of the metric system on the

military establishment, what an Army officer can be expected to "look like"

in the 1980's for establishing curricula at West Point, and t,) even more

definitive problems as outlined in the RAND example.
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LIMITATIONS

The Delphi technique is a method of eleciting information from

expert individuals and a better-than-nothing means of assigning a

quantitative value to subjective opinion. If handled properly it can

' rovide objectivity to a problem, but it lends itself to a myriad of

misuses, depending on the standards of the individuals or groups conduct-

ing the exercise. Since it can take a long period of time to develop

the questions in the proper form and go through the process, it is often

short-circuited by r panel discussion or a brain-storming session, either

of which obviate the objective value of the technique.

Although a case can be made for a group having more total expertise

than any individual member, the opinion of a real expert in a particular

area may be diluted. The output of any Delphi exercise is, at best,

an opinion, and even though it may be better than some other method,

this limitation must be kept in mind.

7'PENCES

1. E.S. QCade and W. I. Boucher, "Systems Analysis and Policy Planning:

Applications in Defense," a report prepared for the United States

Air Force Project, RAND (R-439-PR, abridged), June 1968.

2. N.C. Dalke, "The Delphi Method: An Experimental Study of Group

Opinion," The RAND Corporation, RM-5888-PR (1969).

3. o. Helmer, "Convergence of Expert Consensus Through Feedback" The

RAND Corporation, P-2973 (1 9 54).

4. M.I. Taft and A. Reisman, "Computer Tixe-Sving Applications in

Economic Analysis: An Integrated Approach," Department of Operations
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D. 3 FLUW DIAGRAM

PURPOSE

A flow diagram is a graphical technique used to portray the order

of major operations in a process or problem solution. Flow diagram-- are

used by programmers to block out major steps prior to coding and as part

of the documentation package prepared for turnover of computer programs.

Flow diagrams are also used in noncomputer applications to assist

in problem formulation and documentation. Frequently a floy diagram is

used to graphically outline a series of sequential steps. This is

generally followed by verbal descriptions of the content of each of the

steps and the relationships among them.

DESCRIPTION

All flow diag:iaw describe ard sequentially lin!k operations. In

simple diagrams each operation is represented by a terse verbal descript-

ion enclosed within a rectangular box. Lines and arrows are usel to

indicate orders of occurrence among the operations. To facilitate

diagram use and comprehension, particularly for complex applications,

nonrectangular symbols are often used in lieu of boxes to represent

special operations (input/output, decisions, start and stop, etc.)

Conventional flow diagram symbols are presented elsewhere in this

appendix, see "Computer Terms/Symbols." Figure ii depicts a report

completion flow diagram that uses a special decision operation symbol

in addition to the standard boxes and arrows. The figure is typical

in that the described operations are general and could easily be broken

down into nu merous suboperations.
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Fig. 31-Completing a Report Assignment

APPLICATIONS

Economic Analysis Process

Figure '32 is reproduced from the Air Force Economic Analysis

HandbookI  (p 4 ). It provides the backgrovnd for discussing the

process of economic analysis and is stressed as the one essential for

all readers to abscrb. The left-hand side of Fig. 2.1 in Vol I of the

present report provides an alternative view -generally less detailed but

with more emphasis on study planning.

Getting the Officer to Work

Figure 33 in this section has been compressed from one

used in an Army ADPS orientation guide.2  Introductory descriptive

material has been reproduced in full from the guide and follows:

An ADPS compter uses a simple "on" or "off" condition
to make a decision at each stage of a process, based upon
previously programmed criteria. It is similar to the
"imposing" series of automatic command decisions required
of an officer on his way to work in the morning before he
is fully awake.

190



' Do#;"* Obiottive2 Choos. Alftft"es,

441 ftvemft CoV. NPI

I A#K U f iZ~ L aIA1' CC~~'

cost IVt ~ 0#001LNJ CoMI CVIf TIw(

CICA anci CP~L 1£ CLMAA: Ok'4

4I - -- a
L2S S!cNf~hlyI -AV II ". 6EI

A - - -_ - -- @--- .... - c..-
[I k- I - - -

UNETIT ~-ANALYSIS ~ IISION C." -

fig. 32 -Economic Analysis

1.91



SHAKE ____CRAWL

GE AK YS BELOW YES BELOW NO IS IT
DARIK?

YES

TTURN ON

II MET

-$2-,T

Fig. 33-..Reportiflg for DutY

192



LIMITATIONS

A flow diagram is an essential tool to the computer programmer,

serving a purpose analogous to an outline for a writer. As in the case

of outlines, it should be recognized that computer flow diagrams are

usually considerably more meaningful to the preparer than to any intended

audience.

Flow diagrams highlight relationships. When used for illust'ation

purposes in noncomputer applications, the diagrams usually should be

followed by verbal descriptions to avert oversimplification. Sometimes

the information meant to be conveyed by the diagram can be more clearly

and economically presented by use of a decision logic table or tree

diagram.

Flow diagrams should, of course, be used only to improve communi-

cation, never for purposes of decoration. To the extent possible their

use should be tempered by what is known about the intended audience.

CITED REFERENCES

1. 'Dept of Air Force, Office of the Comptroller, "Economic Analysis
Handbook," 2d edition, undated.

2. US Army Signal School, "Introduction to Automatic Data Processing

Systems," 15 January 1960.

OTHER REFERENCES

1. Edward Mack McCormick, Digital Computer Primer, McGraw-Hill Book
Compan,, Inc., New York, 1959.

2. Theodore G. Scott, Basic Computer Programming, Doubleday &
Company, Inc., Garden City, New York, 1962.
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D. 4 SIMUIATION

RMPOSE

Simulations are used to approximate, represent, or express planning

situations or problems in a form suitable for study much as a model Ci-

foil in a wind tunnel is used to simulate the effects of air currents on

flight. Normally used in a planning or forecasting role, simulation helps

decisionmakers understand input requirements and alternative solutions to

problems without undergoing the necessary time and monetary expenses of

adopting a plan, implementing it, evaluating it in operation, haking ad-

justments, evaluating again, and so on until a desired result is achieved.

Simulation models allow various factors to be tested, manipulated,

tested again, and results expressed for evaluation of the consequences

Df action taken. Appropriate action based on the modeled results can

then be instituted in the "real life" situation. The setting up of the

simulation can often prove as valuable as the results achieved because of

the requirement to examine the intricacies and correlations of a situation

in minute detail. Computers are often used to aid the simulation because

of the large numbers of factors, the complexity of those factors, and their

interrelations.

DESCP7PTION

Much like the airfoil in the .rind tunnel, an office or factory can

be laid out on a drawing and templates used to investigate alternative

laycuts for maximum efficiency of production line rlow within allocated

space, for example. Simulation or modeling of an environment is also used

in the laying oxt and manipulation of organizational relations, concepts,

ideas, flows of people or things, and inventory control. It can be used
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to answer the "What would happen if..." questions that analysts and man-

agers ask in managing and planning their operations. The solutions to

these questions normally take the form of:

I. Preparing the model

2. Testing the model and comparing its behavior with the actual

situation.

3. Making appropriate changes.

4. Rerunning the model.

5. Analyzing the results.

6. Repeating the above steps for alternative solutions.

7. Selecting desirable solutions.

8. Acting on the model solution in the real life situation.

Included in most planning simulations are the elements of trans-

portation or movement within a system (trunks, aircraft, production or

manufacturing flows, people flcws, inventory flows, data flow through a

computer, etc.), facilities and storage points in that system (garages,

hangers, loading docks, terminals, warehouses, classrooms, packaging

points, manufactoring points, computer buffer areas, etc.), waiting lil;es

or queues, and time (transit time, facility or storage time, waiting time,

service time, etc.). Many operations research and statistical techniques

can be used in representing or helping to represent the problems to be

simulated, but are not necessary for a simulation.

A special simulation technique termed Monte Carlo is used to solve

deterministic problems of real situations too expensive or too complex to

solve analytically. A stochastic analog to the problem at hand is used

to estimate the solution. Probability and random number generators used

in sampling situations are intefral to Monte Carlo. Sep the reference

list for snurc(es for further description.

APPLICATIONS

A commander may ask his plans office to investipate alternative uses

of a large hanger being made available with the transfer of a helicopter

unit. The alternatives that may be considered are:

1. A consolidated vehicle maint-nance facility

2. A consolidated Post Exchange and Concession facility

195



3. A billeting facility for enlisted men

4. A warehouse for supplies

Part of the economic analysis of each alternative may include a proposed

layout of respective configurations for analysis of floor space and es-

tablishment of a base-line for analysis of modification costs.

Another application could be the simulation of the Army Training

Establishment. Using high speed computers, a model would proride pro-

jected 3-year training nchedules for each couree offered. These schedules

would detail numbers of students projected for input into each course,

those projected to be in training, those expected to drop out, and those pro-

jected to graduate, This could be done for each type of trainee. Costs

per graduate and trainer, instructor, and overhead requirements per course

could also be provided. This model would allow modifications of' priorities

of courses, preferences for locations for training, class capacities, and

attrition rates. It would enable the Army to more effectively plan its

training programs to meet the changing needs of the Army at the least cost

in terms of both manpower and fundinr requirements. A model of this

general description is under development by the General Research Corporation

for the DCS personnel, Department of the Army.

The Monte Carlo technique of simuilation can be applied to the quarti-

fication of uncertainty inherent in the projection of weapca system costs

and in processes involving multiple channel queues. This would require

both the expression of input estimates in terms of probability distribu-

tions and cost equations pertinent to the particular model, say a missile

production model. The Monte Carlo simulation approach w4ould then generate

the frequency distribu:ion for system cost and statistical measures to

illustrate the nat,Lc end measure of the uncertainty Involved in the sys-

tem cost. By knowing an average rate of arriv-l of parts and averare

distribution of service times, random rumbers could be used to generate

simulatid arrivals and production timq. *'-,,m the known distributors. The

whole procedure would consist of' estimating tl distribution for the total

process based on detailed knowledge of the behavior of the components.
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LIMITATIONS

A simulation model is only as good as its representation of the

real world. Simulation involves many variables and many parameters

leading to a great deal of complexity. While it can give answers to

difficult questions, it should be recognized as a last resort. Should

a direct analytic solution be available, it should be used, but when

it is not (whether because of time, cost, or other reason), simulation

can provide a feasible approach.

REFERENCES

1. John E. Cremeans, '"Why Simulation?", Research Analysis Corporation,
McLean, Virginia, (RAC P-30), August 1967.

2. Donald F. Schaefer, Frank J. Husic and Michael F. Gutkowski, "A Monte
C9rlo Simulation Approach to Cost-Uncertainty Analysis," Research
Analysis Corporation, McLean, Virginia, (RAC-TP-349, March 1969.

3. Brent L. Bowen, et al, "Student Instructor Load Model - Phase II (SILII),
Summary Description," Research Analysis Corporation, (RAC-TP-458),
December 1972.
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D.5 TREE DIAGRAM

PLTRPOSE

A tree diagram is a flexible graphical technique for portraying

relations amorZ classes or events. A tree 'diagam can be used, for

example, to illustrate a hierarchical structure or to enumerate the

probabilities of sequential events. A tree diagram can be useful in

problem formnlation and/or documentation of results.

DESCRIPTION

Tr-e diagrams contain sequential branches. The number of branches

that originate at each branch point represents the number of subclasses

(hierarchy) or possible outcomes (probability). A tree diagram rends

from left to right and always includes at least two branches. Figure 3h
depicts division into two branches, followed by division of each branch

into three additional branches.

Fig. 34-Example of a Tree Diagram

APPLCATI071S

Probabi~itx

Figure 35 illustrates the array of probabilities for two successive

diraw of marbles (three white and two black) from a bag withcAt rpplac -ment
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of marbles between draws. The uppermost branch in the figure will be

followed through for purposes of exemplification.

The probability of drawing a white marble at the first draw--P(W)-

is simply equal to the ratio of white marbles to total marbles (3/5

or .6). Since the first marble is not replaced, the probability of a

white marble on the second draw is .5 (2/'). The probability nf two

successive draws of white marbles--P(W,W)-is equal to the product of

the cited probabilities (.6 x .5 = .3). This is a result of oneof

the basic laws of probability. The "Probability" section presents and

illustrates these laws. The five-marble example of this section pro-

vides some of the illustrations.

F1 g. 35-Probabilities - Tree Diagrnsms

Figure 35 illustrates two characteristics that are true of every

probabilistic tree. First, the sum of the probabilities of all branches

is equal to 1.0 as long as all are of uniform length (i.e., traverse

an equal number of branch points). Thus, at the first marble draw

.6 + .4 = 1.0, and for two successive draws .3 + .3 + .3 + .1 = 1.0.

The second characteristic, which is actually a corollary of the first,

is that the sum of the probabIlities of all branches from a given

branch point is equal to the parent branch probability, e.g., .3 + .3 = .6

and .3 + .1 = .4.

Hierlrchy

Figure 36 iz reproduced from RAC-TP-4511 (Chap 6). The diagram

wns used to Introduce a set of cost elements and eqations for use in

estim.ting direct personnel ccits (training, pay and allowanres) for

Armay weapon systems. The dIagram "presents the general scheme of the

[personnel cost] model. Colinns I to 7 depict disnggregatlon of direct

personnel into their relevant functions and cost-generating activities.
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Costs of each alement shown in Col 7 are explicitly estimated. Columns

8 and 9 display the reaggregation of elements into nine ... (categories

of) direct personnra costs.",I

LIMITATIONS

Trees are perhaps most useful in portraying processes where all

possible final outcomes (classifications) are of interest ana where the

final outcomes nre not designed in any way by operating on the inter-

mediate outcomes (via feedback, for example). Processes that do not

possess these characteristics can be more effectively described via

decision logic tables or flow diagrams.
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